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2012 INTEGRATED RESOURCE PLAN 

FORWARD-LOOKING STATEMENTS 

This report contains forward-looking statements based on current expectations. These forward- 
looking statements are often identified by words such as “estimate,” “predict,” “may,” “believe,” 
“plan,” “expect,” “require,” “intend,” “assume” and similar words. Because actual results may differ 
materially from expectations, we caution you not to place undue reliance on these statements. A 
number of factors could cause future results to dlffer materially from hstorical results, or from 
outcomes currently expected or sought by us. A discussion of some of these risks and uncertainties 
is contained in our Annual Report on Form 10-K filed with the Securities and Exchange 
Commission, available on our corporate parent’s website at www.pinnaclewest.com, whch you 
should review carefully before placing any reliance on our forward-looking statements, fmancial 
statements or disclosures. We assume no obligation to update any forward-lookmg statements, even 
if our internal estimates change, except as may be required by applicable law. 

http://www.pinnaclewest.com
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EXECUTIVE SUMMARY 

When Arizona became a state in 1912, APS had already been providmg energy to the 
territory for more than 25 years. While many things have changed over the past century, 
some things have not - a thriving Arizona requires reliable, affordable energy. Just as it has 
for over a century, APS will continue to ensure customers have the reliable and affordable 
energy they need. 

Long-term resources require a long-term perspective. With a thorough and rigorous process 
for ma- critical decisions about assets that will last for decades, APS spends considerable 
time thinking about, and planning for, the future. Due to the time it takes to bring new 
electric generation plants into service, plans must be put in place years in advance of 
customer needs arising. For example, APS began planning the Palo Verde Nuclear 
Generating Station in the 1960s. This visionary plant - still the only one of its kind in the 
world not located near a natural body of water - was approved, financed in part by 
customers, and built in the 1970s and 80s. Starting in 1986, electricity has been reliably and 
cost-effectively generated at Palo Verde 24 hours a day, 7 days a week for customers across 
the Southwest. 

The APS 2012 Resource Plan is the first formal resource plan filed with the Ailzona 
Corporation Commission in 17 years. This document serves as a public forum for APS to 
outline its planning process and strategy for ensuring APS's customers have the reliable 
power supplies they need, today and in the future. 

l l  - & I -  
Resource Additions 

Reroura 

.-.-.- A '  
' I U  

Figure 1 - Resoune Planning Outlook 

FO;orecas ts indicate a return to  Q ~ W  th: In the near-term, APS has sufficient resources to meet 
customer needs. Over the course of the next 15 years, however, APS anticipates that 
migration to the state, as well as growth in individual consumption, will result in a return to 
the historically high growth in energy needs that Arizona has experienced over the last 
several decades. In fact, APS forecasts approximately 3% average annual growth in nominal 
electricity requirements through 2027. Customer-centric resources, such as energy efficiency 
and dstributed energy (e.g., rooftop solar systems), will help offset a portion of this 
forecasted growth; nonetheless, APS will need to add significant generating resources over 
the next 15 years to keep pace with customer demands. As depicted in Figure 1, the 
Company will begin putting plans in place over the next several years to ensure these 
resources are available when customers need them. 
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PLANNING PROCESS: CREATING THE RIGHT BALANCE 

The objective of resource planning is to develop a long-term strategy aimed at meeting 
future customer energy needs, achieving regulatory targets, and managing environmental 
impacts, all at a reasonable cost. Multiple variables come into play, and all must be projected 
years into the .future. 

Existing 
Generation 
Resources 

Sta ke ho lder 
Engagement 

I n teg ra ted 7 
Resource 

Plan 

Figure 2 - Resource Planning Considerations 

Regdar d a h p e  with ktv stakehoders: These considerations are not developed in isolation; 
rather, APS has spent the last several years engagmg key stakeholders to gain an 
understanding and appreciation of their areas of concern. This input is vital, as the decisions 
made today can and will impact how APS positions itself over the long-term on behalf of its 
customers. 

Sufficient res0firce.r todgv create stabiiitv-for tomonv: The largest variable at play for APS in its 
development of the 2012 Resource Plan is the mix of future fuel sources that will provide 
the best overall value to customers. APS has a stable fleet of existing generation resources, 
includmg over 1,100 M W  of nuclear generation, over 1,700 MW of coal-fired generation, 
and over 5,500 MW of natural gas resources and contracts. With those assets in mind, each 
future fuel source comes with its own set of benefits, challenges, and relative impact on APS 
operations, as hghhghted in Figure 3. 
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Figure 3 - Sources of Power 

Benefits and challenper exist repardless o f  the resource: Looking forward, each of these resources 
is likely to continue to play a part in how APS meets the needs of its customers. The extent 
to which each participates will be dependent upon their relative tradeoffs. For example, 
nuclear and coal today provide highly reliable, stably-priced generation; however, future 
nuclear and coal resources would hkely face environmental complexities related to spent fuel 
storage (for nuclear) and greenhouse gas emissions (for coal), and require significant capital 
outlays. Natural gas is plentiful and highly flexible, which translates into a very robust fuel 
source to help follow the ever-changing electricity demands through the hours of the day 
and season-to-season. Historically, though, natural gas prices have been highly variable. 
Energy efficiency is today's most cost-effective resource, but it relies heady on the 
participation of customers, and the acquisition costs of customer participation in the future 
is uncertain. Solar and wind are both renewable resources that provide zero-emission 
energy for APS customers. Solar, in particular, is a plentiful and cost-effective resource in 
the desert southwest regon. Wind, whde available in large quantities in New Mexico, is less 
ubiquitous in Arizona, and also has little correlation (from a production perspective) to when 
APS's customers use the most energy - hot summer afternoons. Both of these renewable 
resources, though, are intermittent in nature; solar is only available when the sun is shming, 
and wind energy is only available when the wind is blowing. Thx translates into a need for 
APS to have addtional backup generation in the form of natural gas resources to manage the 
intermittent nature of solar and wind resources. 

Part of the resource planning process is to understand the tradeoffs each resource brings, 
and making intelltgent, informed decisions on the best interplay between all possible 
resources to reliably and cost-effectively serve customers over the long term. 

RESOURCE PLANNING ANALYSIS: A RIGOROUS PROCESS 

Acknowledgmg that there are many ways to accomplish the goal of having a reliable, 
affordable portfolio of resources, APS planners create a base set of assumptions for 
comparison against different alternatives and sensitivities to ensure the portfolio that is 
chosen is indeed the best option for customers. With that in mind, APS considered four 
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specific portfolios when creating the 2012 Resource Plan: the Base Case Portfolio, the Four 
Comers Contlngency Portfolio, the Enhanced Renewable Portfolio, and the Coal Retirement 
Portfolio. These four simulations (see Table 1) provide alternative combinations of 
incremental renewable energy and natural gas generation, coupled with varylng but deching 
amounts of baseload coal-fired generation.’ 

Base Case I Coal Retirement I I (2012 Resource Plan) 

Plan includes APS Contingencyplan 
closing Four Corners Awmes3096 (*r AwmesAPS retires depictingthe 
units 1-3 and purchasingSCtls retirementofthe needsmet by 
shareof unb4-5; Four Cornencoal- renewable generation; energy 

fired plant; energy resources; includes 
replaced by the consummation 
additional natural ofthe Four Corners ~ ~ e ~ ~ r ~ ~ u r c e s  currenttrajectoryof 

EE and RE gas resources transaction compliance 

Of energy dlcoalfired 

re placed with a 
u w l b i n * m d  

Description 
~~ continwsthe 

Resource Contributions (2027 P e d  Capadty Contribution / % Energy Mi) 

Nuclesr 

Coal 

Natural Gas & Demand 
Response 

Renewable Energy (RE) & 
Distributed Energy (DE) 

Energy Efficiency (EE) 

1,146 MW 
18.7% MWh 

1,932 MW 
26%MWh 

7,424 M W  
26.3%MWh 

1,141 MW 
13.7%MWh 

1,525 MW 
lS.4%MWh 

1,146 MW 
18.7%MWh 

962 MW 
12.7%MWh 

8,394 MW 
39.6%MWh 

1,141 MW 
13.7% MWh 

1325 MW 
15A%MWh 

1,146 M W  
18.7%MWh 

1,932 MW 
22.5%MWh 

1,146 MW 
18.7%MWh 

0 MW 
0 MWh 

7,138 MW 9,188 MW 
20.7% MWh . 463KMWh 

1,427 MW 
22.8%MWh 

1,525 MW 
15.4% MWh 

1,308 MW 
19.7%MWh 

1,525 MW 
lSA%MWh 

Table 1 - Po@olios Considered in the 2012 IRP 

All the portfolios were analyzed with a detailed production cost model that incorporates 
forecasted variables (such as future natural gas price estimates), and produces the anticipated 
generation production sequence (or dispatch) based upon the resources available. A P S  also 
calculates the likely future revenue requirements that result from each portfolio, then 
monitors the impact each portfolio would have on a set of key metrics (such as annual water 
use, natural gas burn, etc.) to provide a context for comparing and evaluating the portfolios.2 

Finally, APS evaluated the sensitivity of each portfolio to several key inputs, providing a 
“stress test” for each portfolio. The main purpose of these stress tests was to ensure that 
the 2012 Resource Plan portfolio was sufficiently robust and diverse to maintain a low cost 
to customers while shelding them from undue price volatility. 

1 The percentages depicted are based on total energy requirements prior to EE and DE. 
2 A more complete description of the analytics performed and the results produced can be found starting in Section 3.1. 
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Key Metrics 

Nawrai vas rrtces 

coz Costs 

EE Costs 

Externalities 

P 5 e  nsi tivi t ies 
CI 

I Portfolios 

I 
I 

- \  

1 Coal 
Contingency Renewable Retirement 

Fignn 4 - 2012 IRP Ana&ics 

+4 Resource Pkan that's best fir customers: Of all portfolios analyzed, the Base Case Portfolio 
provided the lowest potential cost as measured by both the net present value of future 
revenue requirements as well as the capital required to develop and/or procure the 
incremental resources depicted in each portfolio. The two portfolios that contemplate a 
partial or complete retirement of the APS coal fleet do show decreased environmental 
impacts; however, that reduction would come at the expense of significantly higher and 
more volatile costs for customers. 

$26,917 
Mllim 

Emission 
1X327) 

48 

I 

+- w 3.1 

Four Corners Conthgeny Enhnoed &new** 

7 
L 7.8 22.8 

Cod ktirement 

Figure 5 - Dzfferencesfrom Base case in 2027 

THE PLAN IN ACTION: MANAGING CUSTOMER GROWTH THROUGH 
FUEL DIVERSITY 

Over the next 15 years, APS plans to add 2,000 MW of future customer-contingent 
resources in the form of energy efficiency, dtstributed energy, and demand response 
programs, and approximately 4,400 MW of future utility-scale natural gas and renewable 
energy resources. These additions wdl require a significant amount of interaction with both 
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customers and market participants to ensure that an adequate, rehable, and cost-effective 
supply of energy is readdy available to keep pace with an anticipated 55% growth in energy 
consumption over that same horizon. 

; ' 

201 i 201 7 2022 2027 

MW Contribution at Peak 
Total Load Requirements 8,233 9,561 11,322 13,167 4.934 
EjdstingReswrces 

APS-Owned Generation 6,264 6,443 6,443 6,443 179 

Long-Term Contracts 2,284 1,295 67 35 (2,249) 

Total Existing Resources 8,548 7,738 6,510 6,478 (2,070) 
Future Cwtomer Resources 

Energy Efficiency 

Distributed Energy 

8 0  791 1,308 1,525 1,444 

65 154 236 353 288 

Demand Response 83 205 330 350 267 

Total Future Customer Resources 228 1.150 1,874 2,228 2.000 
Future Generation Resources 

Natural Gas 0 213 2,326 3,712 3,712 

Renewable Energy 64 460 61 2 749 685 

Total Future Generation Resources 64 673 2,938 4,462 4,397 
Total Resources 8,840 9,561 11,322 13,167 4,327 

Table 2 - Summary of Resource Additions 

Plans are aha& in blace to meet near-tern p w t h :  APS already has embarked upon a series of 
resource decisions emphasizing renewable energy and energy efficiency that continue to 
place the Company on solid footing for the next several years. 

The APS 2012 Resource Plan represents an increasingly diverse portfolio of resources. Over 
the next 15 years, APS wdl be meeting a significant amount of its energy growth with dean, 
zero-emission resources such as energy efficiency and renewable energy, not only helping to 
improve the environment, but also helping to mitigate the volathty of future fuel costs. 

Composition of Energy MIX by Resource 

2012 2027 

n 

\ 4'7Qh 

G a s  

.RE + DE 
EE 

.Nuclear 

.Coal 

Figure 6 - Sources of Power: Resource Contributions to APS Enerlgy Mix 
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c 
B To reliably and cost-effectively maintain APS’s level of service to customers, clean energy 

resource growth will be accompanied by managed growth of the APS natural gas-fired 
generation fleet, as well as continued reliance on the b h  performance and stable costs of 
the Company’s baseload coal and nuclear generation assets. 

M i t i ~ a h ~  - -- hiwr environmental and water costs: The increasing importance of clean energy 
resources will have a positive impact on overall carbon &oxide (COz) emissions and water 
consumption during the Planning Period. By 2027, despite anticipated customer growth and 
a 55% increase in energy required, APS will reduce the intensity with which it emits COz by 
26% and consumes water by more than 27% compared to 2012. 

&e&. to invest almost 89 bilbon ow the next 15 years to address mstomer needs: Meeting an 
a n n d  average of 3% energy growth (prior to any customer programs) over the next 15 
years will be challenging and will require a significant investment. Based on current cost 
forecasts, APS anticipates that cumulative capital investments for new resources of nearly $9 
billion will be required by APS and/or market participants to keep up with the pace of 
customer growth. Should the economy recover at a faster rate than currently anticipated, 
thls figure would undoubtedly grow. 

New 
Technology 

Natural 
Gas 

Renewable 
Energy 

Energy 
Efficiency 

II . t 
P I  # 

Figure 7 - 2012 Resource Pian Fiexibilio 

After the near-term window, and as depicted in Figure 7, APS plans to continue its trajectory 
of meeting customer needs with renewable energy, energy efficiency, and natural gas 
resources. Should natural gas market conditions, future cost projections, or customer 
program participation warrant, APS could shft the makeup of its portfolio accordmgly. 

In all cases, APS is well positioned to not only meet customer needs today and in the future, 
but to do so in a cost-effective, reliable, and environmentally responsible manner. 
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BACKGROUND 

1.1 COMPANY OVERVIEW ? >  

APS is Arizona's' largest and longest serving electric utility, serving Arizona's growing 
population since 1886. APS has over 6,500 employees ahd serves more than 1.1 million retail 
and wholesale customers in 11 of Arizona's 15 counties - a service territory of 
approximately 35,000 square miles. APS owns more than 33,000 miles of transmission and 
distribution lines and underground cable to deliver electricity to customers. A P S  also co- 
owns and operates the Palo Verde Nuclear Generating Station (PVNGS), a primary source 
of electricity for the Southwest and the largest nuclear generation facility in the United 
States, as well as two coal-fired plants and seven natural gas- and oil-fired plants, and is pait 
owner in a third coal-fired plant. At present, APS generates more than five percent of its 
electricity from renewable resources, a number that APS expects to grow to almost 18% by 
.2027.3 

1.2 EXISTING RESOURCES 

1.2.1 Conventional Generation 

Historically, APS has relied on conventional fossil fuel-iired generation to meet its customer 
demand. This group of generation assets has been reliable and cost-effective, and will 
continue to play an important role in the overall resource mix. 

As APS enters into a new era in which renewable energy and energy efficiency become larger 
contributors to meeting projected energy needs, a discussion of existing assets as important 
components of the future energy mix is warranted. 

WESTPHOENIX 
NatunlO.. 
918 NW 

OcOTluo NOS FOURCORNERS c.._- 
N.tunlUs C0.l CMl C0.l 
32oNW SlSMw 701 NW 847 Mw 

11 

SUNDPNCE 
h.h.rlGN 
4 1 0 W  

Figure 8 - Existing Conventional Resourcts (APS Share) 

3 After the effects of customer programs. 
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1.2.1.1 coal 

APS currently has 1,753 MW of coal-fired generation. This segment of the APS 5eet 
has been the backbone of the Company's operations, providing reliable, stably-priced 
baseload power. 

FourCorners: The five-unit, 2,100 MW Four Corners Power Plant, located on the 
Navajo Indian Reservation west of Farmington, New Mexico, is operated by APS. 
Fueled by low-sulfur coal from the nearby Navajo mine, the plant is owned by APS and 
five other utihties in the Southwest. APS's stake in Four Corners makes 791 M W  of 
energy available to the APS system. 

On November 22, 2010, APS fled an application with the Arizona Corporation 
Commission (ACC) to purchase Southern California Edison's (SCE) 48% share of Units 
4 and 5.4 The proposed transaction is beneficial to APS customers on many levels. APS 
views the proposed transaction as a vehicle to maintain reliable, stably-priced generation, 
reduce emissions and costs over other alternatives, while also retaining needed jobs and 
associated benefits to the local community. 

By acquiring SCE's ownership interest in Four Comers, the Company avoids the risk 
that Units 4 and 5 may be forced to shut down due to California regulations luniting 
SCE's ability to continue importing coal power in the future. A shutdown of Units 4 
and 5 would result in APS losing 231 M W  of a reliable, stably-priced baseload resource 
now serving APS customers. 

Also, rather than make the $586 d o n  capital investment in Units 1-3 over the next 
five years to meet new environmental regulations, APS would shut down those older, 
less efficient units. Shutting down Units 1-3, combined with the potential retirement of 
Units 4 and 5, would result in APS losing 791 M W  of reliable, stably-priced baseload 
generation. 

Cbolka: The 1,027 MW Cholla Power Plant is located in northeastern Arizona near 
Holbrook. APS operates the plant and owns Units 1, 2 and 3, which are capable of 
producing 647 MW of electricity. PacifiCorp owns the 380 MW Unit 4 - the largest unit 
at the plant. Cholla is fueled by coal from the Lee Ranch and El Segundo mines in New 
Mexico. 

Navaio Generating - Station: The Navajo Generating Station (NGS) is located in northern 
Arizona on the Navajo Indian Reservation near Page, and features three 750 MW coal- 
fired electric generating units. An electric railroad delivers coal to the plant from a mine 
on the Navajo and Hopi Indian Reservations at Black Mesa in northern Arizona. The 
plant is operated by Salt River Project, and is owned by a partnership of five utility 
companies and the US. Bureau of Reclamation. APS owns 14% of the plant, or 315 
MW. 

1.2.1.2 Nuclear 

Palo Verde Nuclear Generating Station: PVNGS is located about 55 miles west of 
downtown Phoenix. Its three units are capable of generating 3,937 MW of electricity. 
Because of its desert location, Palo Verde is the only nuclear plant in the United States 

4 Docket No. E-01345A-10-0474. This application is currently pen+ Commission review and approval. 
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that does not sit near a large body of water. Instead, it uses treated effluent from several 
area municipalities to meet its cooling water needs, recycling approximately 20 billion 
gallons of wastewater each year. 

Palo Verde is operated by APS and is owned by a consortium of seven utilities in the 
Southwest. A P S  owns 29.1% of the plant, or 1,146 MW. 

1.2.1.3 Natural Gas 

APS owns 3,362 MW of natural gas- and oil-fired generating capacity. These units 
provide both intermediate and peaking power for APS and its customers. 

&dhuwk The Redhawk Power Station, which began operating in mid-2002, is 
comprised of two identical 500 MW natural gas-fueled combined-cycle units. The plant 
is owned and operated by APS. Located near PVNGS west of Phoenix, the station 
employs treated effluent purchased from Palo Verde to meet its cooling needs. Redhawk 
also is a zero liquid discharge site, meaning that the coolmg water is continually 
reclaimed and reused and no water is released to the environment. 

WestPhoenix: Located in southwest Phoenix, the natural gas-fueled West Phoenix 
Power Plant has seven generating units - two combustion turbine units and five units 
that employ combined-cycle technology. Owned and operated by APS, West Phoenix 
generates 998 MW of electricity. 

QcotiLh: Owned and operated by APS, the natural gas-fueled Ocotillo Power Plant, in 
Tempe, Arizona, has two steam and two combustion turbine units that are capable of 
generating 320 MW. Ocotillo also is the location for the Tempe/APS Joint Fire 
Training Center. 

Sundance: The Sundance Generating Station in Coolidge, Arizona, is the newest 
member of the APS fossil fleet. APS purchased the 410 MW station in the sprmg of 
2005. The simple-cycle, natural gas-fueled station consists of 10 quick-start combustion 
turbines. 

Sapuam: The natural gas-fueled Saguaro Power Plant, north of Tucson, Arizona, has two 
steam units and three combustion turbine units. APS operates and owns all five of the 
generating units that have a combined capacity of 386 MW available to the APS system. 

,Douzh.gThe Douglas Power Plant, located in the town of Douglas in southeastern 
Arizona, is comprised of one 15 MW combustion turbine pealung unit and is put into 
service only when demand for electricity is high in the Douglas area. 

k APS operates the natural gas-fueled Yucca Power Plant near Yuma in 
Southwestern Arizona, and owns six combustion turbine units that produce 233 M W  for 
APS customers. The plant also includes a 75 MW steam turbine and a 22 MW 
combustion turbine, both of which are owned by Imperial Irrigation District and 
operated by APS. 

1.2.1.4 Purchased Power Agreements 

APS receives capacity and energy from approximately 2,300 MW of long-term 
purchased power agreements (WAS), which will expire by the end of 2024. These 
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contracts include demand response, renewable energy, heat rate options, and capacity 
purchases from merchant generators. APS and PacifiCorp also partkipare in a seasonal 
power exchange in which customers in the Pacific Northwest receive electricity from the 
APS system in the winter when their electricity demands are high and APS receives 
power in the summer, durmg APS’s peak demand period. 

1.2.2 Renewable Generation 

The APS renewable portfolio provides over 380 MW of nameplate utility-scale capacity 
through a mixture of APS-owned solar facilities and various long-term purchased power 
contracts. 
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Figure 9 - Existing Renewable Generation (APS Share) 

1.2.2.1 APS-Owned Facilities 

Small-Scak Solar Pnjects: APS owns several small solar projects throughout the state of 
Arizona, totaling approximately 6 MW. 

Paloma Sobr Pbnk The Paloma Solar Plant is a 17 MW photovoltaic facility located in 
Gila Bend, AZ. The plant began serving customers in the third quarter of 2011, and is 
comprised of 275,000 thin-film fured tilt modules. 

Colton Center Sokzr Pkznt: The Cotton Center Plant is a 17 MW photovoltaic f ad ty  also 
located in Gila Bend, AZ. The plant began serving customers in the third quarter of 
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201 1 , and is comprised of about 80,000 polycrystalline modules on a single-axis trackmg 
system. 

HyderSobrPhnt The Hyder Solar Plant is a 16 MW photovoltaic facility located in 
Hyder, AZ. The plant began serving customers in the fourth quarter of 2011, and is 
comprised of about 70,000 polycrystalline modules on a single-axis tracking system. 

1.2.2.2 Purchased Power Agreements 

Snowfkke B iomasPmieck The Snowflake 25 MW biomass plant, which commenced 
commercial operations on June 10,2008, sells 14.5 MW of its output to APS under a 15- 
year PPA. 

Araeonne Mesa Wind Pmject APS has a 20-year PPA to purchase the entire 90 MW 
output of the Aragonne Mesa wind project located in New Mexico. This wind capacity is 
delivered to APS at the Four Comers switchyard. This project began making energy 
deliveries to A P S  in December 2006. 

Safton Sea Geothemal Pmiect APS has a long-term PPA to purchase the output from a 
10 M W  geothermal power plant that is located in the Salton Sea area of southeastern 
California. This capacity is delivered to the APS system in Yuma. The project began 
delivering energy to APS in January 2006. 

GlendaIBio~asPmiect Commencing operations in late January 2010, the 2.8 MW 
Glendale Energy Power Plant sells all its energy to APS under a 20-year PPA, which 
expires in 2029. 

H i d  Lonesome Wind Project APS has a 30-year PPA to purchase the entire 100 MW 
output of the High Lonesome wind project, located in New Mexico. This wind capacity 
began delivering 97 M W  to APS at the Four Corners switchyard in 2009. 

P m n  Ranch Wind Project APS has 25-year PPA to purchase the entire 99 MW output of 
the Perrin Ranch Wind project, located near Williams, AZ. This plant will reach 
commercial operation in 2012. 

R E 4 0  1: APS has a 25-year PPA to purchase the entire output of the Ajo project, 
located near Ajo, AZ. The project, a 4.5 MW Crystallme PV Single AXIS Tracking 
system, reached commercial operation in September 201 1. 

SunEdz 'son Prescott Soh r Phnt APS purchases the generation output from SunEdison 
under a 30-year agreement, which began in November 2011. The project is located 2 
miles north of Prescott Regional Auport and is a 10 M W  Crystaltine PV Single Axis 
Tracking system. 

1.2.3 Customer Programs 

1.2.3.1 Energy Efficiency 

By rule, APS is expected to acheve cumulative energy savings of 22% of its retail sales 
with energy efficiency @E) programs by 2020.5 APS's EE program portfolio includes a 

5 Arizona Administrative Code (A.A.C.) Rule R14-2-2404 (EE Standard). 
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balanced mix of programs targeted to address APS’s diverse customer segments and 
market opportunities to both residential and non-residential customers. These programs 
are expected to produce cost-effective long-term energy consumption and demand 
savings. For programs implemented in 2012, the program cost to APS is estimated to be 
less than 1.6 cents per lifetime kwh saved (total estimated program dollars in 2012 
divided by the total estimated kwh saved over the expected lifetime of all measures 
installed in 2012). 6 

1.2.3.2 Distributed Energy 

The Renewable Energy Standard (RES) requires that APS satisfy a percentage of the 
annual renewable energy requirement through the addition of distributed energy (DE) 
resources.7 The required DE percentage increases to 30% of the total RES requirement 
in 2012 and remains at that level each subsequent year. Since approval of APS’s frrst DE 
plan in 2008, the Company has gained considerable experience and understanding of the 
opportunities and challenges associated with the deployment of DE at the scale required 
under the RES. In 2011, the Company exceeded both of the DE requirements for the 
first time since the establishment of the RES Standard in Arizona. Additional 
information pertaining to the total installed DE capacity, energy production, and total 
residential and non-residential compliance as a percentage of the 201 1 target is provided 
in the annual RES Compliance Report. 

APS has observed continued high levels of participation in its DE incentive programs 
despite d e b g  incentive levels in recent years. The 2010 program year began with 
$3.00/Watt incentives and through demand-based reductions since that time, the 2012 
program year began with $0.75/Watt incentives. 

1.2.3.3 Demand Response 

APS has several demand response (DR) programs underway or planned for the near 
future. APS Peak Solutions is a 100 M W  commercial and industrial DR program for 
APS’s Yuma and Phoenix metropolitan customers utilizing direct load control and 
manual load reduction. Peak Event Pricing (or Critical Peak Pricing) for residential 
customers is a rate rider which provides a high price signal over a small number of core 
summer peak days and hours. The Home Energy Information Pilot Program (HE1 
Pilot), approved in Decision No. 72214, is a comprehensive residential DR pilot 
designed to test avdable home area network technologes and determine the most 
effective communication devices, demand response strategies, and mix of in-home 
applications. This pilot also includes a prepay component, which is a “pay as you go” 
energy efficiency program that provides customers with the opportunity to prepay an 
amount toward their bdl in lieu of paying a monthly bill on the electricity they have 
already consumed. Energy usage among participants will be monitored to measure the 
energy conservation impacts of prepay. The HE1 Pilot program will be conducted over 
two summer seasons (2012 and 2013). 

1.2.3.4 Time-of-Use Rates 

Time-of-use (TOU) rates encourage customers to use less energy during peak hours by 
providing a higher-than-average energy price for peak hours when the cost to provide 

6 APS’s 2012 Demand Side Management Implementation Plan. Docket No. E-01345A-11-0232. 
A.A.C. Rule R14-2-1805. 
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energy is typically higher, and a lower-than-average price during other off-peak hours. 
Some TOU rates can also provide incentives for customers to shift usage to off-peak 
hours by providing peak and off-peak demand charges, which are charges for the 
maximum kW use per month for the relevant time period. APS offers a number of 
residential and non-residential TOU rates to its customers, with over 50% of residential 
ratepayers on a TOU rate today. . 
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ASSESSING N E E D S  A N D  RESOURCES 

2.1 RESOURCE PLANNING CONSIDERATIONS 

2.1.1 Goals of Resource Planning 

In the past, the objective of resource planning was to ensure that a sufficient supply of 
resources would be reliably available to meet an anticipated level of demand at the lowest 
cost. Although reliability and cost-effectiveness remain integral in the resource planning 
process, there are other factors that must be considered. Environmental impacts, 
technological uncertainties, financial sustainability, and other risks have in recent years 
assumed a larger role. This broader spectrum of considerations, coupled with stalled action 
on the Congressional front regarding climate legislation, has forged a terrain of uncertainty 
that not only demands flexibdity in the formulation of a resource plan but also vigdance in 
its execution. 

In this environment, resource planning is a continuous process at APS involving constant 
monitoring of external factors, such as new technologies, economic/market conditions, and 
legislative/regulatory proposals. Actively engaging stakeholders in the dwussion of these 
many factors and incorporating feedback is another input to the process. Internal 
considerations such as financial strength and the operating status of the current generation 
fleet are also important and undergo continuous review. As these various factors unfold 
throughout the Planrung Period,8 adjustments to the 2012 Resource Plan will be made as 
necessary in subsequent resource plans.9 

Resource planning is not an absolute prediction regarding the future resource picture. The 
only certainty the Company has at the time of this f h g  is that over the course of the 
Planning Period, conditions will change and impact areas covered in this report. As such, 
this document should not be viewed as an end in itself but as a marker against whch 
progress can be measured and future plans further refined. 

The same rationale suggests the 2012 Resource Plan should not be viewed as transactional in 
nature. There is no certainty that resource options discussed in this report will actually come 
to fruition - especially resource options that occur in the later years of the Planning Period. 
Moving forward through the Planning Period, the set of circumstances governing the 2012 
Resource Plan will change and updated resource plans will supplant this f h g .  

As an integral part of APS’s business functions, resource planning is a collaborative process 
that draws from virtuaUy every department within the Company in the overall pursuit of a 
single goal: identlfylng a combination of resources that meets the future electricity needs of 
APS’s customers in a balanced and cost-effective manner based on current information, 
including input from key stakeholders. This goal must not only be met, but should be met in 
a way that continues to sustainably provide a high degree of reliability, affordability, 
environmental responsibdity, sound risk management, and compliance with all applicable 
regulations. 

8 Planning Period refers to the current year and subsequent 15-year period thereafter (2012-2027). 
9 Pursuant to A.A.C. R14-2-7030, APS is required to file a resource plan every two years. 
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Another goal of resource planning is to communicate to stakeholders and the ACC the costs 
and risks of plan implementation. As large financial commitments must be made by APS to 
ensure that customers are served with reliable energy, APS must be aligned with the ACC in 
making long-term resource planning and procurement decisions. 

2.1.2 Factors Affecting Load Growth 

Load forecasting is the foundational building block of resource planning, driving the quantity 
and timing of future resource needs. Weather, population growth, economic trends, and 
energy consumption behaviors are among the key variables that impact the Company’s view 
of future resource needs. Accurately forecasting any one of these variables over a 15-year 
period is a challenge. Accurately forecasting them all is impossible; however, APS’s robust 
forecasting process is structured to incorporate uncertainty to the best extent possible. 

Over the next several years, the economic downturn is likely to continue to dampen APS’s 
historically strong load growth; however, this trend is not anticipated to continue over the 
course of the Planning Period. By 2027, Arizona’s population is projected to reach nearly 9 
d o n .  During that time, APS is projected to add approximately 600,000 customers and 
total electricity consumption is expected to grow approximately 55%, or 3% per year on 
average - nearly triple the average growth of electricity demand in the U.S.10 This robust 
level of projected load growth is prior to takmg any energy efficiency or distributed energy 
contributions into account. 

As described above, many aspects of the utility business can have an impact on the long- 
term growth rate of electricity demand. These factors can typically be generalized into the 
following categories: economic growth, electricity prices, new technology, and customer 
program acceptance. 

2.1.2.1 Economic Growth 

The current economic environment is creating considerable uncertainty in the near-term 
outlook for customer load growth. Typically, growth in peak demand is predominantly 
driven by construction activity and associated building permits; however, both 
residential and commercial vacancies are at record levels. There are an estimated 30,000 
vacant housing units w i h n  APS’s portion of the metropolitan Phoenix region alone, 
representing approximately 100 M W  of potential growth in demand. These vacancies, 
coupled with decreased energy usage from APS’s small commercial customers, have 
dampened the Company’s historically robust growth. 

Over the long-term, the pace of economic growth is typically the single most important 
determinant of electricity demand. Arizona’s historically high rate of population 
migration and correspondmg growth in households and businesses (electric customers) 
have led to the state’s rapid growth in electricity demand and the need for greater 
supply. Until the most recent economic recession, h s  rapid growth has been coupled 
with a steady and consistent expansion of economic well-being reflected in larger homes, 
more consumer electronics, and more commercial activity. APS expects that future 
growth w d  be affected by these factors as it has in the past. The ultimate pace of 
population growth, income levels, and the relative health of local industry will likely 

http://www.eia.gov/forecasts/aeo/MT-electric.cfm 

http://www.eia.gov/forecasts/aeo/MT-electric.cfm
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continue as dominant drivers of how much electricity will be demanded by customers in 
the future. 

2.1.2.2 Electricity Prices 

Despite the slow economic recovery, inflationary pressures on electricity prices are 
nonetheless expected. Several factors unique to the electric utility industry can have 
substantive impacts on the price consumers ultimately pay. Factors such as climate 
change legislation, the need for infrastructure development, the higher cost of emerging 
technologies, and the trajectory of fuel costs will likely influence the direction of power 
prices. In many cases, the cost of new generation is nearly double that of existing 
generation. 

2.1.2.3 New Technologes 

The emergence of new technologies presents uncertainties in the pace of future 
electricity demand. New technologies can reflect breakthroughs in the efficiency of 
existing appliances, transformational shifts in the use of electricity - electric vehicles 
replacing gasoline-powered vehicles, for example - or new uses like the pervasive 
penetration of personal computers and cell phones over the last two decades. The 
impact of new technologies on electricity consumption and peak demand is difficult to 
forecast due to the lack of deep historical data. Going forward, hs is one area that will 
require close monitoring as these technologies become more widespread. 

2.1.2.4 Customer Resources 

Customer programs will make up an increasing percentage of the APS resource mix over 
the course of the Planning Period. Energy efficiency programs will contribute over 
1,500 MW to meeting peak demand, distributed energy will contribute 350 MW, and 
demand response programs an addltional350 M W .  Achieving these levels will require a 
significant amount of participation by APS’s customer base, whch can be challenging in 
the current economic clunate. In addition, the costs associated with achieving these 
penetration levels over the next 15 years are uncertain. 

2.1.3 Planning Environment 

Many challenges exist related to creating long-term resource plans. Greehouse gas (GHG) 
regulations and legislation related to COZ are s d  being discussed, national economic trends 
are not broadly positive, and load growth in the APS service territory continues below 
historical norms. The uncertainty generated by these challenges is two-fold (1) it precludes 
a certain forecast of operating conditions, particularly on the federal regulatory front; and (2) 
it makes the economic impact, specifically related to compliance costs, of those conditions 
impossible to predlct. 

Of the challenges mentioned above, legislative/regulatory uncertainty is one of the greatest 
concerns in the resource planning process. In the past several years, both the U.S. Congress 
and the Environmental Protection Agency (EPA) have considered bills and regulations that 
would regulate domestic GHG emissions. Although none have been enacted, APS expects 
legislative and regulatory proposals on this issue will continue. The actual economic and 
operational impact of climate change legislation depends on a variety of factors, none of 
whch can be fully known until such legislation is passed and specific requirements are 
stated. These specifics may include the terms of the legislation with regard to number of 
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allowances, price caps, bankability, cost to reduce emissions or buy allowances in the 
marketplace, and the availability of offsets and mitigating factors to moderate the costs of 
compliance. Due to the uncertainty on this front, the Company will continue to monitor the 
potential range of impacts that climate change legislation may bring and will be prepared to 
implement appropriate strategies. Given current information, the 2012 Resource Plan has 
assumed a $12/metric ton (in 2011 dollars) add-on price for COZ emissions beginning.in 
year 201 9 and escalating at 5% above inflation thereafter. l1 

A challenge more specific to the APS service territory is load-growth uncertainty. APS 
recognizes the impact the cutrent business cycle is having on near-term load growth, and this 
has been incorporated into the forecast. In the long-term, these near-term issues are 
expected to subside and have less impact and APS is s t i l l  likely to meet substantial growth in 
demand. In the interim, APS must respond to the near-term operating landscape, which 
remains below historical load growth rates. Although this marks a departure from the 
growth outlook from previous years, it is not without advantages. The pause from high 
growth gives APS the opportunity to M e r  explore new supply options, specifically 
demand-side management and renewable energy. 

In assessing the various supply options, APS is cognizant that some technologies, as well as 
their associated costs, are still evolving and will require further evaluation before long-term 
financial commitments can be made. 

2.1.4 Future Generation Needs 

APS has sufficient existing long-term resources to meet forecasted customer needs through 
2016; however, starting in 2017 the situation will change, and by 2020 addtional customer 
and uulity-scale resources totaling more than 3,300 MW will be required to meet capacity 
needs. By the end of the Planning Period, APS will need 6,690 MW of new customer and 
utility-scale resources to meet a total load requirement of 13,167 MW (includtng reserves). 

As stated earlier, APS plans to meet a significant portion of t h l s  load requirement with 
customer-centric resources such as energy efficiency, distributed energy, and demand 
response. Those programs alone, though, will not offset the growing electricity needs of 
APS customers as a whole. APS will need to add a sigruficant amount of utility-scale 
generation, whether it is renewable or conventional in nature. As described further in 
Section 2.1.6, the resource planning process specifically looks at addressing the best 
combination of generation resources on behalf of APS customers. 

2.1.5 Transmission Growth 

Maximizing use of the existing transmission system is important to the resource planning 
process, as well as the transmission planning process; however, adequate transmission must 
either currently exist or be planned and constructed to support future generation resources 
as well as potential contingency plans. APS's resource planning and transmission planning 
organizations coordinate to ensure system needs are met on a timely basis. APS has 
developed a transmission system that enables delivery of resources to APS load. APS owns 
all or a part of several major transmission paths in the states of Arizona, New Mexico, and 
Nevada. These transmission paths deliver energy from baseload, intermedate, peaking, and 
renewable facilities as well as various long-term purchase agreements. 

11 Arizona Public Service Greenhouse Gas Legislative Review and C02 Price Outlook", Charles River Associates 
(November 4,2011). See Appendix A. 
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Each year APS prepares and files with the ACC a ten-year transmission plan.12 The 2012- 
2021 Ten-Year Transmission System Plan describes planned transmission lines of 11 5kV or 
higher that APS may construct over the next ten years. The APS investment needed to 
construct these projects is currently estimated to be approximately $550 &on. These 
projects are designed to provide an increase in the ability to deliver both conventional and 
renewable resources to APS load centers. These new transmission projects, coupled with 
additional distribution and sub-transmission investments, will support continued reliable 
power delivery in APS’s service territory, the state of Arizona, and the western United States. 

The maps on the following pages illustrate the existing transmission infrastructure and 
planned additions that APS intends to construct over the 2012-2021 time period.13 

12 Pursuant to A.RS. 40-360.02. The current 10-year plan was filed in Docket E-00000D-11-0017. 
13 Plans and in-service dates are subject to change dependmg on load growth and other factors. 
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Figure 10 - APS Statewide Transmission System Plan (2012-2021) 
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Figrtre 1 1 - Phoenix Metro Transmission Plan (20 12-202 1) 

Figure 12 - Yuma Metro Transmission Plan (2012-2021) 



2012 INTEGRATED RESOURCE PLAN 

2.1.6 Resource Selection Process 

Addmg adequate generation assets to keep up with 55% total load growth in a 15-year period 
will be a challenge. What marks this growth phase as particularly noteworthy is that it is 
being undertaken at a time when the industry's resource planning paradigm has shifted. 
Least-cost planning - the htstorical resource planrung approach among many utdities - has 
given way to a more far-reaching approach, one that encapsulates environmental impact, 
diversity of resources, a more comprehensive view of technology, a greater reliance on 
customer-powered programs, and a more profound use of renewable resources. 

To ensure APS selects a portfolio that meets the energy needs of APS customers throughout 
each day and across the changing seasons during the year, the resource planning process calls 
for a determination of the most appropriate balance between all resource options to best 
meet these needs. This concept helps categorize generating resources by the specific need 
that resource fulfills, whde also noting construction lead times, operating costs, and reliability 
factors. Based on APS's customer demand profde, each resource can be described by four 
main categories: baseload, intermediate, peaking, and intermittent. 
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Table 3 - Resource Options 

14 Development includes: site identification and acquisition; preliminary engineering, permitting, and find engineering; 
procurement and construction; and, testing to the point of commercial operation. 
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2.1.7 . Stakeholder Involvement 

APS held a series of workshops during 2010 and 2011 to inform and gather input from a wide 
array of interested stakeholders on how APS should think about future resource decisions. Four 
meetings were held in 2010 as APS was beginning to formulate its resource planning process. 
Topics included 

Load forecasts 

Energy efficiency 

0 Smartgrid 

Demand response 

Utillty water consumption 

Fuel supplies and markets 

Technology options and costs 

Externalities 

Resource procurement 

0 Portfolios and sensitivities 

Existing resource fleet and transmission system 

The meetings were well attended with approximately 35 to 50 stakeholders participating in each 
meeting. In addition, several stakeholders were invited to present on the items above to provide 
their respective positions for consideration. 

Later in 2010, APS contracted with the Morrison Institute of Arizona State University to 
conduct an Informed Perception project on Arizona’s energy resource options. The Informed 
Perception project consisted of a series of customer surveys covering preferences and concerns 
regarding uaty energy resource options. Results of the Informed Perception project were fded 
with the ACC on May 26, 2011.15 APS customers surveyed favored an increase in the use of 
renewable energy resources, such as solar and wind, and were interested in both the 
environmental impacts and reliabhty of energy choices. 

On February 24, 2011, APS conducted a stakeholder meeting to discuss metrics and 
monetization costs for water and for sulfur oxide (SOX) ,  particulate matter (PMlO), and nitrogen 
oxide @Ox) emissions. 

On August 1, 2011, APS held a final resource planning workshop to reintroduce the topics 
discussed in 2010 and provide stakeholders with an update on the resource planning process. 

2.2 ANALYTICAL FRAMEWORK 

Reliability, long-term economic costs, environmental impacts, and risk management are all 
considerations that must be balanced during the resource planning process. These and other 
factors provide the foundation for the appropriate resource selection, and ensure &able, cost- 
effective, and environmentally conscious service from a diverse resource mix. Technical factors, 
governmental policy, social perceptions, and environmental responsibilities are all prisms 
through which resources must be viewed. Integrating these considerations into a 

15 Docket No. E-01345A-08-0172. 
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comprehensive resource framework helps ensure that a broad perspective has been applied to 
the process. 

2.2.1 Reliability 

Approximately 1.1 miLon customers rely on APS for reliable and c.ost-effective electric 
service. To ensure resources are avadable when needed, APS uses both probabkstic and 
deterministic approaches to assessing reliability for its generation and transmission systems. 
APS also considers the interplay between those two components on the utility system as a 
whole. 

2.2.1.1 Generation 

A BakzncedPor/foL: In evaluating resource options, A P S  recognizes that each has its 
own reliability characteristics. Conventional resources such as natural gas, coal, and 
nuclear can generate electricity 24 horns a day. Conversely, renewable resources such as 
wind and solar generate electricity intermittently; that is, when the wind is blowing or the 
sun is shining. Although the intermittency of most renewable energy sources presents a 
unique set of challenges, it does not diminish their importance to the overall resource 
mix. Highly dispatchable, conventional power sources and intermittent power sources, 
in addition to customer programs, all have their place in the portfolio. The key is to 
strike the proper balance. 

Rekabifip and Reserve Mazins: APS’s core business is to provide electric service when 
customers need it. APS’s key reliabdity criterion states the Company should provide 
sufficient resources such that the expected probability of a service outage is less than or 
equal to one event in ten years. From a practical perspective, the resource planning 
process determines the quantity of capacity reserves that are required to satisfy this 
reliability criterion. The capacity reserves provide additional resources that can be called 
upon in the event that generating units experience unplanned shutdowns and/or 
customer loads are higher than anticipated. 

2.2.1.2 Transmission 

Adepac:  APS uses a deterministic approach for transmission system planning. Under 
h s  approach, which does not allow for randomness, system performance should meet 
certain specific criteria under normal condltions (all lines in-service) and for any single 
contingency condition (any one element out-of-service). In general, an adequately 
planned transmission system d 

Provide an acceptable level of service that is cost-effective for normal and 
single contingency operating conditions; 

Maintain service in the event of any single contingency outage; 

Not result in overloaded equipment or unacceptable voltage conditions for 
single contingency outages; 

Not result in cascadmg for single or double contingency outages; and, 

Provide for the proper balance between transmission import capability and 
local generation requirements for an import-limited load area. 

Although APS uses a deterministic approach for transmission system planning, the 
Western Electricity Coordinating Council’s (WECC) reliabfity planning criteria provide 
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for exceptions based upon a probabilistic approach, which does allow for randomness.16 
APS uses these criteria when/where appropriate in the transmission planning process. 
Historical system reliability performance is analyzed on a periodic basis and the results 
are used in the design of planned facilities. 

Re~onalPkanninp: As transmission additions must be integrated into regional plans, 
APS follows the WECC regional planning reliability criteria for system dsturbance and 
performance levels: (1) WECC/NERC Reliability Criteria for Transmission System 
Planning and, (2) Minimum Operating Reliability Criteria. In addtion, APS participates 
in numerous regional planning organizations and in the WestConnect organization.17 
Through membership and participation in these organizations, the needs of multiple 
entities, and the region as a whole, can be identified and studed. 

GridIntewahn: One of the more pressing needs of utilities recently is to integrate 
higher levels of renewable energy resources into the grid. Renewable energy resource 
projects are sited where nature provides abundance - that is, where the wind blows or 
the sun shines - and not necessarily where transmission paths already exist. As a matter 
of practice, APS routinely includes estimates of grid integration costs into its planning 
analytics. This is discussed in more detail in Section 2.2.3.2. 

In recognition of the special transmission needs of renewable resources, the ACC in 
Decision No. 70635 (December 11, 2008) ordered udties under its jurisdction to 
develop plans to idenafy future renewable transmission projects (RTPs) and to develop 
plans and proposed fun- mechanisms to construct the “top three” RTPs in their 
respective service territories. APS fded an application for approval of its Renewable 
Transmission Action Plan (RTAP) on January 29, 2010. APS received approval of its 
RTAP in Decision No. 72057 (January 6,201 1). T h ~ s  process and the ACC‘s approval 
of the APS RTAP are intended to support the growth of renewable resources in 
Arizona. 

2.2.1.3 System Stability 

The stability of the APS system and neighboring systems must be maintained at all 
times. To review system needs, APS and SRP conduct joint planning on issues such as 
system reliability and summer preparedness - how the respective systems are prepared 
for high summer temperatures. Each spring APS and SRP present to the ACC a 
coordinated plan to serve customers’ electricity needs for the upcoming summer, 
including generation resources, reserve requirements, transmission capacity, and other 
issues as appropriate. Additionally, the Commission conducts a Biennial Transmission 
Assessment (BTA) to review the 10-year transmission plans which are developed and 
fied annually by APS. The primary objective of the BTA is to evaluate system 
reliability by assessing the adequacy of existing and planned transmission facilities to 
meet present and future energy needs in a reliable manner. 

16 WECC conducts a variety of studies and assessments required for the reliable planning and operation of the bulk electric 
system in the Western Interconnection. 
17 WestConnect is composed of utility companies providing electric transmission in the U.S. Members work collaboratively 
to assess stakeholder and market needs and develop cost-effective enhancements to Western wholesale electricity markets. 
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2.2.2 Environment 

2.2.2.1 Environmental Impact 

~ecbnolbpical ntiw: Technology choices for new fossil-fueled generators are reviewed 
for possible application w i h  the APS fleet, such as new gas turbine models which are 
very fuel efficient and have low emissions. These units employ state-of-the-art pollution 
control equipment necessary to meet or exceed air quality regulations. APS is 
committed to using state-of-the-art technologies, but is also cognizant of the risk and 
high initial cost associated with such newer technologies. APS concentrates its focus on 
proven technologies that have successfully demonstrated industry-wide acceptance, 
efficiency, and reliability. 

JF’ater In an effort to address the importance of water in APS’s resource planning 
process, and in recoption of the importance of water as a resource in Arizona, APS 
utilizes the following assumptions and methodology: (1) the Company is now assuming 
dry-cooled technology for any newly constructed natural gas combined cycle generation 
addtions as well as low-water-consuming combustion turbines; and, (2) for all 
generation, both existing and new construction, APS has performed a sensitivity analysis 
that values water by using a marginal-cost approach rather than simply relying on 
existing water costs. 

Cost cf co@&ance: Sulfur &oxide (SOz) emissions have a cap-and-trade program in 
place to establish cost parameters, whde other emissions do not For SO2 and other 
emissions, the costs of EPA-required emission controls are included in this report’s 
prospective analyses. 

Conversely, there currently are no laws that require a control technology, cap-and-trade 
system, or tax for COz emissions. Nonetheless, given EPA and Congressional 
lscussions on h s  issue, APS believes it prudent to incorporate the potential for GHG 
legislative impacts as a factor in the resource planning process. For the 2012 Resource 
Plan f h g ,  APS has assumed a price of $12/metric ton (in 2011 dollars) starting in 2019 
for COZ as a proxy for a potential COZ price in resource cost comparisons. 

2.2.2.2 Externalities 

Analyzing the environmental impacts of any business operation, much less imposing a 
monetary value on those impacts, presents significant challenges. Compoundmg that 
observation is the fact that there is a lack of consensus about certain emissions and their 
impacts. As knowledge about the environment improves, EPA or the Arizona 
Department of Environmental Quality (ADEQ may need to establish new or modified 
environmental laws. Indeed, since the advent of the modem environmental laws in the 
early 197Os, the nation’s environmental standards have become more stringent and 
covered a greater number of pollutants. 

There may be impacts from business operations where science supports the need for 
regulation but the pollutant may not be addressed by environmental regulation, either 
because the laws have not established the jurisdiction to do so or because the regulatory 
agencies have yet to address the matter. The emission of GHGs is a prime example of 
this ddemma. In this area, APS believes it is appropriate to monetize the effects of the 
emissions as an interim approach until Congress, EPA, or ADEQ establish the relevant 
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standards. APS remains committed to complying with all applicable requirements and 
staying in tune with potential future regulations to provide reasonable monetization. 

2.2.2.3 Environmental Regulations 

Environmental regulations are promulgated on the federal (EPA, Congress), the state 
(ADEQ, and the county (Maricopa, Pinal, and Pima) levels.’* EPA, specifically, is 
considering multiple regulations that may have an impact on APS operations. 

Clean AirAct The Clean Air Act (CAA) regulates air emissions from stationary and 
mobile sources. Numerous programs have been established to protect public health and 
welfare by controlling emissions of hazardous air pollutants. 

Best Available Retrofit Technology (BART) - Within the next three to five 
years, APS may become subject to new environmental requirements under the CAA 
Regional Haze program. The Regional Haze program requires an analysis of the 
impacts of air emissions from certain industrial facilities and the installation of “best 
available retrofit technology” to control emissions at such facilities to improve 
visibility. The focus of the regulations is the reduction of NOx, SOZ, and PM 
emissions. 

Mercury and Air Toxics Standard (MATS) - EPA proposed a rule regulating 
hazardous air pollutants (HAPS) on March 6, 2011, and signed the regulation on 
December 16, 2011. The rule set forth standards and requirements for reducing 
mercury and other HAP emissions from certain electric generating units. 

National Ambient Air Quality Standards (NAAQS) - For the purpose of 
protecting public health and welfare, the CAA established NAAQS for six 
pollutants: ozone, NOx, SOz, PMlO, carbon monoxide (CO), and lead. 

Climate Change and GHG Regulations - GHGs are air pollutants under the 
CAA and EPA has made a determination that the mix of atmospheric 
concentrations for six key GHGs threatens the public health and welfare of current 
and future generations. This finding is being litigated. 

Clean WuterAa The Clean Water Act (CWA) establishes the basic structure for 
regulating discharges of pollutants into the waters of the United States and regulating 
quality standards for surface waters. Under the CWA, EPA has implemented pollution 
control programs such as setting wastewater standards for industry and water quality 
standards for all contaminants in surface waters. 

Cooling Water Intake Structures - Section 316@) of the Clean Water Act 
requires cooling water intake structures that withdraw water from a “water of the 
U.S.” to reflect the best technology avdable for minimizing adverse environmental 
impacts. Currently, EPA is engaged in a new Section 316@) Phase I1 and Phase III 
rulemaking process. 

Effluent Limitation Guidelines (ELG) - A proposed rule is anticipated to be 
issued in 2012 and may impact the current discharge limits for Four Corners, West 
Phoenix and Ocotillo power plants. 

18 Additional information regardug environmental regulations can be found at response to Rule D.17. 
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Resource Conservation and Recoverv Act The Resource Conservation and Recovery Act 
(RCRA) gives EPA the authority to control hazardous waste from the "cradle-to-grave". 
RCRA also regulates the management of non-hazardous solid wastes, as well as 
environmental problems that could result from underground tanks storing petroleum 
and other hazardous substances. 

Coal Combustion Residuals - In June 2010, EPA proposed new rules to regulate 
coal combustion residuals (CCRs) to prevent contaminants from leaching into 
ground water. EPA's frnal rule, expected in 2012, will affect the manner in which 
coal-frred power plants manage their ash disposal in surface impoundments and 
landfills. 

Conmss: None of the attempts to pass comprehensive dunate change legislation in 
the 111th Congress were successful. As for the 112th Congress, a number of bdls 
introduced are aimed at delaying, eliminating, defunding, or overseeing EPA's authority 
to regulate GHGs. Such legislation includes delaying any action by EPA to regulate 
GHG emissions from stationary sources for a fixed number of years, smpping EPA of 
any CAA authority to regulate GHG emissions, and cutting off funding for the 
implementation of the agency's GHG rules by prohbiting the use of funds to 
implement or enforce rules relating to the regulation of GHG emissions from stationary 
sources. Although the ultimate outcome of these numerous legislative efforts remains 
uncertain, these actions seem to indicate that it is unlikely any legislation aimed at further 
regulating GHG emissions will materialize over the next year. 

Arirona D@artment of EnwrOnmen talOzia&v: The ADEQ is Arizona's primary 
environmental regulatory agency, with the responsibility for developing and enforcing 
state regulations that implement Arizona environmental laws, and also for helping 
ensure that businesses and facilities operate according to federal environmental laws and 
regulations. Three programmatic divisions - Air Quahty, Water Quality, and Waste 
Programs - carry out ADEQs core responsibilities. In some areas, Arizona 
environmental laws go beyond the federal laws. Examples include the Arizona State 
Hazardous Air Pollutant (HAP) Program and the h z o n a  Aquifer Protection Permit 
Program. 

Similar to EPA delegation authority, ADEQ may delegate some permitting and 
enforcement responsibilities to counties. As discussed in Section 2.2.4.4, ADEQ has 
delegated CAA permitting and enforcement authority to Pima, Pinal, and Maricopa 
counties. 

2.2.3 Cost 

2.2.3.1 Capital Investment 

An investment of nearly $9 billion wdl be required during the Planning Period to meet 
future customer needs. This investment, projected regardless of whether APS 
constructs and owns new generation resources or whether resources are developed by 
market participants and sold to APS under long-term WAS, does not include: (1) 
financial commitments to energy efficiency and dlstributed energy initiatives; (2) 
transmission investments that will be required to satisfy future customer demands or 
transmission projects already identified in the last 10-year transmission plan filing; and, 
(3) ongoing capital investment for existing owned generation. 
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2.2.3.2 Cost b d  Value 
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Managing the economic cost of delivering electric services is a key objective of resource 
planning. In the utility industry, the delivered cost analysis is a screening tool that has 
been commonly used for decades. Essentially, delivered cost is levelized cost plus the 
cost of transmission. Levelized cost analysis is an evaluation of energy costs comparing 
capital, operations and maintenance, performance, and fuel costs across several supply- 
side technologes. An overview of the total delivered cost ($/MWh-delivered) and the 
cost to construct ($/kW-installed) APS’s major resource options are included in Figure 
13.19 
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Figure 13 - Technology Cosf Comparison: Delivered Cost and Installed Cost 

The major components of the delivered cost analysis are capital cost, fuel cost, operation 
and maintenance (O&M) expenses, power plant fuel efficiency (heat rate), capacity 
factor, and transmission cost and losses. The resulting average delivered cost is a 
levelized cost over the estimated economic life of each technology and includes an 
estimate of the transmission costs that would be required to implement the particular 
resource. To illustrate the sensitivity of the costs to changes in assumptions, the average 
dehvered cost is “stressed” by estimating the impact of a change in a single input 
assumption to the average delivered cost. Actual costs will vary for specific projects and 
sites. APS is including the assumption of hypothetical CO2 emission costs directly in its 
dehvered cost analysis. 

In addition, system integration costs may be imposed by operation of some non- 
dispatchable resources such as wind and solar. Due to their intermittent nature, 
addtional operating reserves may be needed on the rest of the system to effectively 
follow APS load and meet WECC reliabdity requirements. Based on a study performed 
by Northern Arizona University under the direction of Dr. Tom Acker, a system 

19 Values depicted are in 201 5 dollars, including Allowance for Funds Used During Construction (AFTJDC). 
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2.2.3.2 Cost and Value 
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Managing the economic cost of delivering electric services is a key objective of resource 
planning. In the utility industry, the delivered cost analysis is a screening tool that has 
been commonly used for decades. Essentially, delivered cost is levelized cost plus the 
cost of transmission. Levelized cost analysis is an evaluation of energy costs comparing 
capital, operations and maintenance, performance, and fuel costs across several supply- 
side technologies. An overview of the total delivered cost ($/MWh-delivered) and the 
cost to construct ($/kW-installed) APS’s major resource options are included in Figure 
13.19 
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Figure 13 - TechnoLogy Cost Con@ariJon: Delivered Cost and Instaled Cost 

The major components of the delivered cost analysis are capital cost, fuel cost, operation 
and maintenance (O&M) expenses, power plant fuel efficiency (heat rate), capacity 
factor, and transmission cost and losses. The resulting average delivered cost is a 
levelized cost over the estimated economic life of each technology and includes an 
estimate of the transmission costs that would be required to implement the particular 
resource. To illustrate the sensitivity of the costs to changes in assumptions, the average 
delivered cost is “stressed” by estimating the impact of a change in a single input 
assumption to the average delivered cost. Actual costs will vary for specific projects and 
sites. APS is including the assumption of hypothetical COZ emission costs directly in its 
delivered cost analysis. 

In addition, system integration costs may be imposed by operation of some non- 
dispatchable resources such as wind and solar. Due to their intermittent nature, 
additional operating reserves may be needed on the rest of the system to effectively 
follow APS load and meet WECC reliability requirements. Based on a study performed 
by Northern Arizona University under the direction of Dr. Tom Acker, a system 

19 Values depicted are in 2015 dollars, including Allowance for Funds Used During Construction (AFUDC). 

I 
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integration cost of $3.25/MWh is added to wind generation.20 As solar generation in 
Arizona is more predctable than wind, though s d  intermittent, APS assumes a lower 
integration cost for solar (without storage) of $2.50/MWh, per the Western Governors’ 
Association’s Western Renewable Energy Zone Generation and Transmission Model.21 
APS will reevaluate these figures as renewable penetration increases and more 
experience is gained in dealing with the integration of intermittent or variable generation. 

2.2.3.3 Taxes 

Productin Tax Credit Section 45 of the Internal Revenue Code provides for a production 
tax credit (FTC) for the generation of qualified energy from qualified facilities, with 
terms, includmg expiration date, specified for each technology type. Eligibility for the 
credit is contingent upon the generated electricity being sold to an unrelated entity. 
Qualified energy sources include wind, for which the PTC expires on December 31, 
2012, and closed-loop biomass, open-loop biomass, solar, small irrigation solar, 
municipd solid waste, and marine and hydrokinetic renewable energy, for which the 
PTC expires on December 31,2013.22 

InwstmentTaxCrea?t: Section 48 of the Internal Revenue Code provides a package of 
investment tax credits (ITCs) for solar and other renewable energy developers. The 
amount of the ITC is 30% for solar placed in-service by December 31,2016, and 30% 
for wind-energy systems placed in-service by December 31, 2012. Under current law, 
after December 31,2012, large wind-energy systems d no longer qualify for ITC. As 
of January 1,2017, the ITC will be reduced to 10% for solar technologies. 

Since the PTC d expire and the ITC d be reduced (for solar) during the timeframe 
covered by the 2012 Resource Plan, a sensitivity analysis is included whereby the tax 
credits are extended beyond their scheduled expiration dates. For the PTC, this applies 
to all wind projects deployed after 2012 and for geothermal projects deployed after 
2013. For the ITC, this applies to solar projects deployed after 2016. 

2.2.4 Risk 

2.2.4.1 Uncertainty 

Recognizing uncertainty as inevitable is integral to the resource planning process. 
Although values for key variables such as fuel prices and demand can be forecast, they 
cannot be known with pinpoint accuracy. Also, some conditions are so unique that they 
simply cannot be modeled decades in advance, such as the maptude  of the current 
economic downturn and the delay in federal climate change legislation. 

To ensure that uncertainty is addressed in a comprehensive fashion, APS is required to 
incorporate and evaluate the risks mherent in providmg electricity.23 Notwithstanding 
that much of the planning process is quantitative in nature, there is also a significant 

~ 

20 APS/NAU Wind Integration Study, 2007. 
21 Western Governors’ Association Generation and Transmission Model Methodology and Assumptions, Version 2.0, June 
2009. APS is currently undertaking an effort to update this figure during the first half of 2012. 
22 The PTC expiration dates pertain to the in-service dates of the qualified facility. The tax credits ace earned based upon 
the producaon of the qualified facility over a period of time. 
23 A.A.C. R14-2-703. 
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qualitative assessment that is no less important to the process. Considerations under 
each category include, but are not limited to, the followmg: 

Ouantitaaiw : 

Price risk - Fuel sources needed for APS’s generating units may be subject to price 
volatility. 

Supply risk - Includes unexpected outages, intermittent resources, and potential 
counterparty defaults under a PPA. 

Customer demand risk - energy consumption far into the future is difficult to 
predict, especially given the customer financial commitments necessary to advance 
energy efficiency and distributed energy programs. 

Credit risk - APS may be exposed to losses in the event of nonpayment or 
nonperformance of a counterparty. Stringent credt practices mitigate this risk. 

Cost of compliance risk - The cost of complying with future legislation or 
regulation is a consideration when making future resource choices. While it is 
impossible to predct with any accuracy the cost of complying with future 
legislation, APS has attempted to monetize the potential compliance costs by 
assuming a price on COz emissions as well as by estimating environmental upgrade 
and ash disposal costs at some APS facilities. This in no way is a prediction of the 
tirmng or magnitude of the eventual cost of complying with potential GHG 
legislation or other EPA regulations. 

Cost of construction risk - Developing new resources takes time and requires 
investment of capital prior to resources being placed into customer rates. Project 
lead time can be a sipficant risk to udties since development of new resources 
can often span years, adding significant cumulative interest costs and placing stress 
on the financial strength of companies undertaking the development of new 
resources. 

Quahtative: 

Regulatory policy - The 2012 Resource Plan is based on what is known today. 
Policy decisions made by regulators could result in impacts to business operations, 
including resource planning decisions. Addtionally, the timing and extent of future 
legislation cannot be predicted with accuracy. APS’s ability to accurately forecast 
future service obligations to customers, in addition to the Company’s ability to 
comply with energy efficiency and renewable energy standards, could also be 
affected by future regulatory policy decisions. 

Financial uncertainty - Competition for available capital investment dollars, 
especially in today’s uncertain economy, wdl require a strong financial profile. 
Maintaining APS’s financial strength will be critical in implementing the 2012 
Resource Plan so that APS will be able to play its part in Arizona’s energy future. 
This will require, at a minimum, APS to retain its ‘investment grade credit rating and 
wdl require APS to earn its authorized return on equity capital on a regular basis. 
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Accessible capital markets - As capital-intensive businesses, vertically integrated 
utilities such as APS require reliable access to the capital markets to fund investment 
in uality infrastructure not otherwise funded by operating cash flows. Access to 
external capital is also important for refinancing long-term debt that supports 
existing infrastructure investment as it matures. Recent disruption and &stress in 
the capital markets, most evident in the months following the financial crisis in 
2008, highlight the importance of having ready, reliable access to capital at a 
reasonable cost. Higher costs of capital, or an inability to raise the capital necessary 
to finance its business, can impact APS’s ability to cost-effectively make needed 
investment in utility infrastructure, which causes higher costs for customers. APS 
cannot control market-driven events that impact conditions in the capital markets, 
but having a solid investment-grade credit rating can help ensure APS can 
reasonably access capital at favorable terms over the long run. 

2.2.4.2 Fuel Markets 

Fuel price and supply risk wdl always remain high on the list of resource considerations; 
however, as APS increases the contribution of energy efficiency and renewable energy in 
the resource mix, the Company’s relative exposure to fuels will become proportionally 
less. Notwithstandmg that long-term perspective, APS is still and will continue to be 
sipficantly exposed to fuel price risk, particularly to natural gas, for which a hedging 
program remains in place. 

2.2.4.3 Technology 

Although there is widespread agreement that new power plants should employ the most 
advanced commercially-available technology, defining exactly what that means is less 
clear. Many of these technologies are new to the market - particularly in the renewable 
energy space - and lack the requisite historical performance to ensure that they will still 
be viable in the years to come. Moreover, forecasting maintenance costs in a vacuum of 
operating data can be problematic at best and erroneous at worst. 

The primary uncertainties for projects employmg new commercial technology are: 

Technological performance - Will it perform as expected? 

Obsolescence - Will it last as long as expected? 

Maintenance issues -Will the frequency and cost conform to forecasts? 

Upgrades - How often will they be needed and at what cost? 

Tax Incentives -Will they be renewed and at what levels? 

APS is anticipating meeting its new resource requirements with a diverse mix of 
conventional generation, renewable resources, and customer programs. Each of these 
options is unique in its contribution to the APS resource portfolio and presents new 
opportunities while also introducing new risks. 

- Coak New pulverized coal plants are capital intensive. The installed cost for a new 
pulverized coal plant is approximately $3,500 per kW, or $3.5 bdhon for a 1,000 M W  
coal plant. This is more than three times the cost of a new natural gas combined cycle 
plant. Also, pulverized coal units involve longer construction lead times. APS estimates 
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that it takes approximately nine years to go from the start of permitting to commercial 
operation. 

In addition, pulverized coal plants have compliance cost risk related to potential 
environmental regulations. As discussed earlier in this report, EPA has already 
implemented air quality regulations governing new coal plants for certain emissions, and 
is expected to promulgate additional regulations in the future. In addition, A P S  believes 
that climate change policies will be put in place at the national level in the future 
pertaining to GHGs. It is uncertain how future programs will be structured or how 
commercially viable or technically feasible it will be to retrofit a pulverized coal unit to 
allow for carbon capture and sequestration. Because it is difficult to guan* the risk 
associated with new coal generation resources, APS does not believe that constructing 
new coal resources is in the best interests of its customers at this time and has not 
included the construction of new coal resources in the 2012 Resource Plan. 

' 

JVwkar: Nuclear power remains an important aspect of APS's CO2-free resource mix; 
however, at this time, APS does not envision a need for additional baseload resources 
during the Planning Period. Despite the recent increase in federal support for nuclear 
power projects, includmg loan guarantees and the NRC's improved licensing process, 
the period from design to commissioning is double that for other technologes while 
payback periods are substantially longer. Another risk associated with nuclear power is 
the ultimate disposal of spent nuclear fuel. To date, the federal government has not 
succeeded in establishmg a permanent repository for nuclear waste. Spent nuclear fuel 
from existing nuclear power plants continues to be stored at the individual power plant 
sites, either in spent fuel pools or in dry cask storage facilities. Finally, any utility 
considering the pursuit of new nudear capacity must have considerable financial 
strength and commitments to undertake such a costly and time-consuming endeavor. 

These uncertainties notwithstanding, APS will continue to closely follow developments 
in this industry as they relate to new construction, and may mod&y the Company's 
position should circumstances significantly change. 

Natural Gas: 

Natural Gas Combined Cycle (CC) - The primary risk associated with this 
technology is the price volatility of natural gas. Compliance cost with C02 
regulation is also a concern as these widely used units emit COZ, albeit at a lower 
rate than coal-fired generation plants. 

Combustion Turbines (CT) - The primary risks associated with this technology 
are their relatively high operating costs. Although C T s  emit COz, they are not 
expected to become a major source of C02 emissions because of the limited 
utilization of peaking units. 

Utihv-Scak Solar Cost (including system integration cost) and intermittency are the 
two most salient risk factors in evaluating solar energy projects. Although a solar plant 
has no fuel costs once in operation, its development costs are substantially higher than 
for conventional generation. Also, solar energy projects require a significant amount of 
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land; for example, the land requirement for solar photovoltaic (PV) is 10 acres per M W  
compared to 0.03 acres per h4W for a combustion turbine.24 

Predominantly regonal, wind energy production primarily occurs in the spring 
when APS customer loads are at reduced levels. Wind energy‘s contribution to meeting 
summer peak loads is expected to be a fraction of the rated generation output. In 
addition, because wind is an intermittent resource, system integration costs and back-up 
capacity must be factored in when evaluating wind against other resource options. 

GeotbmaL Location of geothermal resources is a key consideration in geothermal 
power as these naturally occurring resource locations are at a sipficant distance from 
APS load centers and transmission infrastructure. Moreover, a geothermal project must 
go through the identification, exploration, and drilling phases before production can 
begin, and lead times foy these fadties tend to be longer and development costs hgher 
than for other renewable resources. That being said, geothermal resources provide 
energy reliably both day and night. 

Biomass and Bio~as: Although biomass and biogas facilities utilize a combustion process 
that emits COZ, they are widely considered “carbon neutral’’ as carbon emissions are 
offset by the prior absorption of carbon through photosynthesis that occurred 
throughout the lifecycle of the growth of the plants before they were harvested to 
produce the source of waste. Another important benefit of biomass and biogas 
generation resources is that some of these plants, primarily biogas-fueled, can be sited 
within areas of high demand. Favorable siting helps APS to incrementally increase its 
resource capacity with the potential for reduced transmission investment. Biomass and 
biogas resources are beneficial from an availabhty standpoint, providmg their energy 
both night and day, unlike intermittent resources such as solar and wind; however, these 
resources are also small from a capacity standpoint. 

E n m  Efficiencv: Ths resource plan dscusses energy efficiency as an energy resource, 
capable of yielding savings that can dsplace future electric generation addtions. All of 
the portfolios analyzed assume full compliance with the Commission’s current EE 
Standard. Cost-effective energy efficiency has several near-term benefits, including its 
low cost relative to other resources and its zero-emission environmental quahty. Still, 
important challenges remain to be addressed for APS to rely on energy efficiency for the 
long-term as a significant part of the Company’s resource mix. These include: 

Uncertainty regarding customer behavior and participation - Energy efficiency 
measures typically require customers to make an upfront investment in exchange for 
savings that occur over the lifetime of the product. Measuring and verifyuls future 
savings from energy not consumed is by its nature dfficult. Customer outreach, 
education efforts, and the cost-effectiveness of the measures may fail to convince 
the necessary number of customers that this trade-off should be made. 

Current limitations on energy efficiency compliance opportunities - The 
Commission’s EE Standard does not allow APS to count all potential efficiency 
opportunities towards compliance. The Rules entirely exclude, for example, 
efficiency measures taken on APS’s own system and count only a small portion of 
any legislatively-imposed requirements. The significant levels of energy efficiency 

~~ 

24 10 acres per MW includes land for any applicable roads or buildmgs, and adequate distance between arrays to minimize 
shadmg. 
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required for compliance with the Commission’s rules may not be achievable if APS 
cannot include energy savings resulting from all possible efficiency opportunities. 

Uncertainty regarding cost recovery - By their nature, energy efficiency measures 
erode utility revenues. In its pending rate settlement, APS has agreed to a limited 
Lost Fixed Cost Recovery Mechanism to be in effect through the settlement stay- 
out period (July 2016); however, APS will need a more comprehensive ratemaking 
mechanism to address the revenue-eroding impact of energy efficiency in order to 
comply with the Commission’s increasing energy savings requirements after 2016. 
Moreover, from a resource panty perspective, a reasonable performance incentive is 
required for energy efficiency to be pursued on frnancial par with supply-side 
resources. 

These and other issues will continue to be dlscussed in both the Energy Efficiency 
Implementation Plan and Integrated Resource Plan dockets. A P S  will continue to work 
with the Commission and other stakeholders to address these uncertainties throughout 
those and any other relevant proceedings. 

. .  
zstnbntedEnerPv: The RES rules require that a portion of the renewable energy 

requirement be obtained from distributed energy and that the installed resources result 
from residential systems and non-residential systems in equal propoitions.25 The historic 
success of these programs is in part dependent upon tax incentives and direct utility 
incentive payments; however, recent signtficant drops in renewable system costs - and 
continued demand even with lower utihty incentive payments - indicate these 
technologies will be less dependent upon incentives in the future. Growing demand for 
these technologies coupled with decreasing costs make it dlfficult if not impossible to 
predlct future uptake. 

Solar PV is the best developed of all renewable distributed energy generation 
technologies, with a market scale that has increased production efficiencies and lowered 
costs. It is also particularly suited to the Southwest as a result of the.Arizona dimate. 
APS believes that the majority of the distributed energy installations d continue to be 
solar hot water and solar PV systems. 

Demand &&onse: Similar to energy efficiency, demand response programs are 
contingent upon customer participation. For a residential demand response program, 
likely focused on air condtioning load, APS anticipates that 75,000 customers or more 
would be targeted for future participation. Factors such as comfort impact, usabiltty of 
technology, load reduction @TU) per household, and incentives for participation wdl all 
influence the ultimate cost effectiveness of such a program. Programs aimed at 
commercial and industrial customers such as Thermal Energy Storage (TES) and 
Standby Generation can require significant upfront capital investments by the customer 
in order to participate. 

2.2.4.4 Permitting/Licensing 

Construction of new electric fachties - whether for electric generation or for 
transmission - requires extensive permitting processes. Depending on the specifications 
of the facility and its location, the permitting process may take up to 24 months or more 

25 A.A.C. R14-2-1805. 

I37  
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before construction begins. Permits required by federal, state, and local authorities are 
described below. 

Federak 

Erwironmental Assessment - Pursuant to the National Environmental Policy Act 
(NEPA), an environmental assessment (EA) is a concise document that: briefly provides 
sufficient evidence and analysis for determining whether or not to prepare an 
environmental impact statement PIS) or a frnding of no significant impact; aids an 
agency’s compliance with NEPA when no EIS is necessary; and, facilitates the 
preparation of an EIS when one is necessary. Generally speaking, EAs are much more 
concise documents compared to an EIS.26 

Environmental Impact Statement -NEPA requires federal agencies to perform an 
EIS prior to issuing licenses or permits for projects that may significantly affect the 
environment. The EIS describes the environmental impacts of a proposed action and 
alternative actions that may be taken instead of the one described in the document. An 
EIS may be required when a proposed development would be located on undisturbed 
land, is a federally funded project, or would be located on federal lands. 

Right of Way for Use of Tribal Lands - When constructing generation facilities or 
installing transmission lines on tribal lands (such Four Corners and NGS power plants), 
a right-of-way easement from the Secretary of the Interior is required. 

- State: 

Certificate of Environmental Compatibility - In Arizona, a Certificate of 
Environmental Compatibility from the ACC‘s Power Plant and Transmission Line Siting 
Committee must be received prior to proceeding with the construction of a new thermal 
electric, nuclear, or hydroelectric facility of 100 MW or more or of a transmission line of 
115kV or more.2’ In assessing applications for the certificate, the Committee examines 
many factors, including the status of all applicable permits. 

Title I Preconstruction Permit - The state of Arizona has full approval to implement 
the federal Title I preconstruction permit program established by the federal Clean Air 
Act, and is the local permitting authority for all of Arizona, except Maricopa County, 
Pima County, Pinal County, and Indian country. EPA administers this program for 
sources in Indian country, where the tribe does not have its own approved program or 
has agreed not to exert regulatory jurisdction over a source. 

Title I preconstmction permits, commonly known as “Prevention of Significant 
Deterioration” (PSD) permits in geographical locations that meet or exceed the N M Q S  
and as ‘“onattainment New Source Review” (”SR) permits in locations that fail to 
meet the NAAQS, must be obtained and effective prior to beginning actual construction 
of a new major source of air emissions, and prior to makmg a major modification to an 
existing source of air emissions. Title I permits are legally bindmg air quality permits 
that include enforceable emission limitations with which the emission source 
owner/operator must comply. These emission limitations are known as “Best Available 
Control Technology” (BAW for attainment areas and as “Lowest Achievable Emission 

26 See http://ceq.hss.doe.g/NEPA/regs/40/30-4O.HTM#36 
’’ A.R.S. § 40-360. 

http://ceq.hss.doe.g/NEPA/regs/40/30-4O.HTM#36
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Rate” (LAER) for nonattainment areas. These limits are then rolled into the Title V air 
quality permits referenced below. 

Title V Air Quality Permit - The state of Arizona has f d  approval to implement the 
federal Title V operating permit program, established by the 1990 federal Clean Air Act 
Amendments. As the state agency charged with environmental affairs, ADEQ delegated 
this authority to 3 of the 15 counties w i h  the state - Maricopa, Pima, and Pinal- with 
the remaining 12 counties continuing under ADEQ jurisdiction. EPA administers the 
Title V operating permit program in 1ndm.n country when the tribe does not have its 
own approved program or has agreed not to exert regulatory jurisdiction over a source. 
Title V permits must be obtained and effective for all major sources of air emissions. 
Title V permits are legally binding air quality permits that include enforceable conditions 
with which the emission-source owner/operator must comply. The permit conditions 
establish limits on the types and amounts of air pollution allowed, operating 
requirements for pollution control devices or pollution prevention activities, and 
monitoring and record-keeping requirements. 

Aquifer Protection Permit - ADEQ also issues Aquifer Protection Permits (APPs) to 
power plants that have regulated fadties, such as impoundments, that have the 
potential to impact aquifer water quahty. Power plants have monitoring programs that 
include collection of water quality samples from monitoring wells that are located down 
gradient of regulated fachties. These sample results are reported to ADEQ on 
frequencies established in the APP and provide evidence that aquifer water quality 
standards are met. 

Maricopa County Air Quality Department (MCAQD) - The MCAQD issues Title I 
and Title V permits for fadties located within Maricopa County, whch include 
Redhawk, West Phoenix, and Ocotdlo. As with the ADEQ, the MCAQD requires a 
Title V permit for any major source of air emissions. The MCAQD also requires a Title 
I permit for any new major source of air emissions or for major modifications to 
existing sources of air emissions. 

Other local agencies -APS’s natural gas-fEed Saguaro and Sundance plants are located 
in Pinal County and therefore are under the jurisdiction of the Pinal County Air Quality 
Control Department, which issues Title I and Title V permits for facilities located w i h  
Pinal County. 
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PORTFOLIO & SENSITIVITY ANALYTICS 

3.1 INPUTS & ASSUMPTIONS 

The term “resource portfolio” refers to the entire set of resources over the planning time 
frame deslgned to meet customers’ demand for electric energy. It includes the existing 
generation fleet and power contracts as well as potential future conventional, renewable, and 
energy efficiency measures. Portfolio analysis includes dispatch simulations and thus 
captures how an individual resource would be expected to operate on the APS system. To 
capture the long-term effects of resource portfolio additions later in the Planning Period, it is 
necessary to develop revenue requirements for several years beyond the 15-year window. In 
h s  f i g ,  revenue requirements are calculated through 2041. 

Sensitivity analysis refers to changing key uncertain variables to determine how various 
resource portfolio combinations would perform under certain future conditions. All 
technologies are subjected to a number of single-variable sensitivities related to fuel cost, 
carbon legislation, etc. In the context of portfolio analysis, the most uncertain variables with 
the greatest impact are chosen for further study. Results of these studies provide 
information on diversity, cost, environmental impacts, and overall risk to assist in the 
selection of a resource plan. 

Scenario analysis refers to the grouping together of a set of sensitivity assumptions that 
would all likely occur in tandem. The goal of scenario analysis is to illustrate the impact to 
the portfolios of multiple sensitivities being stressed in a plausible manner. 

Asstmbtions: Each of the resource portfolios assessed incorporates the following criteria: 

Load forecast - The load forecast used throughout the following analysis is based on 
the best avadable data as of the end of the third quarter 2011, and is described in more 
detad in response to Rules C.l through C.3 and E(a). The current load forecast assumes 
an annual average of 3% energy growth year-over-year, for a net 55% increase in load 
requirements prior to energy efficiency and distributed energy programs. 

Reserves - Resources installed to maintain at least a 15% reserve margm at the time of 
APS’s summer peak. 

Inflation - APS assumes a future inflation of 2.5% per year, which is representative of 
inflation levels over the past ten years. Exceptions to this inflation assumption are 
described in response to Rule D.l(d). 

Compliance with standards - All portfolios developed either meet or exceed 
compliance with the EE Standard and the RES. 

Natural gas prices - The natural gas price curve utilized in the base case analyses was 
derived from an analysis of the forward market price curve for natural gas as of the end 
of the third quarter 201 1: 
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Natural Gas Curve 
$9 I 

Figure 14 - Natural Gas Curve BaJe Forecast 

Carbon costs - APS is incorporating the carbon cost recommendation provided by 
Charles kver Associates, as detailed in Appendur A, where carbon costs arise in 2019 
and escalate annually at 5% above inflation. For the base case, APS uttlizes a hard cap 
of $50/metric ton, which is not reached during the 15-year Planning Period. 

co, cost 
$30 

Figure 15 - Carbon Cost Base Forecast 

EE costs - Energy Efficiency program costs are relatively well known in the near-term 
and are based on APS's 2012 DSM Implementation Plan filed on June 24,201 1.28 Over 
the course of the Planning Period, APS assumes that existing programs will continue to 

28 Docket No. E-01345A-11-0232. 
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contribute towards the EE goals and will be replaced and/or expanded upon to meet 
the overall EE Standard of 22% by 2020. Post-2020, EE costs continue to be incurred 
as APS maintains the 22% standard as part of its resource mix. It is important to note 
that these costs are simply projections based upon current programs; actual future costs 
of energy efficiency programs are a significant unknown at this time, and could be more 
expensive than those currently in place. 

Energy Efficiency Base Costs 

F@re 16 - Enelgy Eficienty Costs Base Forecast 

PTC/ITC - APS assumes that the current tax provisions related to production tax 
credits and investment tax credits expire as detailed in Section 2.2.3.3 above. 

K c  Meha: APS specifically monitored the impacts to a set of key metrics that provide 
insight into the holistic impact of each set of resource combinations. A high-level summary 
of these metrics is included below while comprehensive and detaded annual values are 
included in Attachments F.l (b)-F.l (d) for all cases modeled. 

Fuel diversity - A more diverse portfolio relies on a greater number of fuel sources, 
thereby mitigating risks associated with any one particular source. 

Portfolio costs29 - Measured in terms of net present value (NPV) of revenue 
requirements over the Planning Period plus an extension period (another 15 years), as 
well as average system generation cost in $/MWh at the end of the study period.30 

Cumulative capital expenditures - Cumulative capital expenditures are an indication 
of how much capital APS or market participants will need to obtain over the planning 
period to execute each portfolio. 

3 Portfolio costs represent the total costs of the resource additions from a generation and incremental transmission 
perspective. While it may be indicative of the increasing costs that will develop into future rates, these costs are not 
inclusive of al l  rate components (e.g., distribution costs, metering/billing costs, etc.). 
30 Average system generation cost, represented in $/MWh, is not intended to directly correlate to customer rates; rather, it 
is indicative of the per-unit cost of energy from APS generation resources as outlined in each portfolio, and does not 
include other components of customer rates such as distribution charges. 

9 
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Natural gas bum - Natural gas burn gives an indication of the amount of gas cost risk 
inherent in each portfolio. 

COZ emissions - Total emissions of C02 give an indication of the environmental 
impact and associated amount of carbon cost risk for each portfolio. Assumed carbon 
costs are modeled as a base assumption. 

Water use - Water use is another important factor and is monetized as an externality 
value w i k  the sensitivity analysis as well quantified in terms of acre-feet per year. 

3.2 PORTFOLIOS 

Base Case Four Corners Enhanced Coal Retirement 
(2012 Resource Plan) Contingency Renewable 
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Figure 17 - Overview o j  Por@o/ios in the 20 12 IRP 

3.2.1 Base Case Portfolio 

The Base Case Portfolio is designed to deliver a portfolio of generation resources that does 
not overly rely on one specific fuel source during the 15-year Planning Period. This 
portfolio includes the addition of SCE’s share of Four Corners Units 4 and 5, and the related 
retirements of Units 1,2, and 3. No additional baseload resources (coal/nuclear) are added 
over the course of the Planning Period. APS achieves compliance levels of energy efficiency, 
and is slightly above compliance levels for renewable energy. The remaining growth is met 
with demand response and natural gas resources. The first conventional resource addtion is 
estimated to occur in 2019. 

Two important factors stand out about this portfolio. First, approximately 65% of energy 
growth is met by emissions-free resources. Second, this portfolio results in no single fuel 
source encompassing more than approximately 26% of APS’s resource mix, contrasted with 
today where coal and nuclear make up two-thirds of APS’s fuel mix. T h s  more balanced 
approach will provide customers with greater protection from price volatility associated with 
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a single fuel source.31 The Loads & Resources table for 6 s  portfolio can be found at 
Attachment F. 1 (a). 

Base Case Portfolio - Energy Mix 
120% 

40% 

20% 

0% 
2012 

26.3% 

2027 

INuclear aCoal =Gas I R E + D E  EE 

Figrrre 18 - Base Case Por@olio Energy Mix 

3.2.2 Four Comers Contingency Portfolio 

The Four Comers Contingency Portfolio ddfers from the Base Case Portfolio in one key 
aspect: the assumption for this portfolio is that the Four Comers transaction is ultimately 
not consummated.32 As a result, all five units at Four Corners are retired over the next four 
years.33 Due to these retirements, the portfolio calls for an additional combined cycle unit 
and 300 M W  of addtional combustion turbine units, starting with the combined cycle unit 
being added in 2016 and the first combustion turbine in 2017. 

APS has developed this portfolio as a contingency plan if the Four Comers transaction 
should not occur. With the loss of such a large amount of baseload generation, APS would 
need to take swift and decisive action in the next five years in order to ensure reliable and 
affordable service to its customers. This portfolio is intended to depict what those decisions 
could entail. The Loads & Resources table for this portfolio can be found at Attachment 
F.l(a). 

31 The percentages depicted in the following figures are based on total energy requirements prior to EE and DE. The RES 
currently requires 15% of retail sales be met by renewable resources, which is calculated after the impacts of EE and DE. 
To illustrate EE's relative contribution to future resources, it is depicted on these graphs and all values are calculated from 
the load requirements prior to the impacts of EE and DE. 
32 Pending Commission review and approval. Docket No. E-01345A-10-0474. 
33 Units 1-3 assumed retired at the end of 2014 and units 4-5 assumed retired in the summer of 2016. 
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Four Corners Contingency Portfolio - Energy Mix 
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Figure 19 - Four Cornen Contingency Pot$olio Energy Mix 

3.2.3 Enhanced Renewable Portfolio 

The Enhanced Renewable Portfolio is designed to show the impacts of increasing the 
contribution of renewable energy to 30% of retail sales by 2025.34 T h ~ s  portfolio includes 
the Four Comers transaction and a sipficant increase in renewable nameplate capacity 
compared to the Base Case Portfolio. Conventional generation is not added until 2020 (a 
combined cycle unit). 

This portfolio provides a resource mix that significantly reduces the Company’s reliance on 
natural gas and its associated price volatility. In addition, it envisions that over 90% of 
future energy growth is met by emissions-free resources. The Loads & Resources table for 
this portfolio can be found at Attachment F.l(a). 

3 After the effects of energy efficiency and distributed energy. 
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Enhanced Renewable Portfolio - Energy Mix 
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Figure 20 - Enhanced Renewable Po$olio Energy Mix 

3.2.4 Coal Retirement Portfolio 

The Coal Retirement Portfolio does just that; it shows the impact of retiring all of APS’s coal 
units during the Planning Period. Similar to the Four Corners Contingency Portfolio, APS 
assumes Units 1-3 are retired at the end of 2014 and Units 4-5 are retired in the summer of 
2016. NGS is then assumed to be retired at the end of 2019 and Cholla at the end of 2024. 
APS chose these dates based on the expiration of certain contracts related to fuel purchases 
and land rights. 

Due to the retirement of over 1,700 h4W of coal-fired generation, APS would sigivficantly 
increase its reliance on natural gas and renewable energy. APS modeled replacing the coal 
production with 25% renewable energy and 75% natural gas generation. This results in APS 
adding four combined cycle gas plants during the Planning Period and over 1,000 M W  of 
additional nameplate renewable capacity compared to the Base Case Portfolio. 

This portfolio was developed to exemplify the impact stringent environmental requirements 
could have on the APS resource mix. The Loads & Resources table for this portfolio can be 
found at Attachment F.l (a). 
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Coal Retirement Portfolio - Energy MSg 
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Figure 21 - Coal Retirement Portfolio Energy Mix 

3.3 SENSITMTIES 

APS performed a series of single-variable sensitivities designed to test the robustness of each 
portfolio. Akin to a stress test, APS selected major cost inputs, such as gas prices and 
carbon costs, and reset their assumptions hgher and/or lower to see what the impacts are to 
the portfolios’ key metrics. Ths testing illustrates how the portfolio costs move 
comparatively with these relatively uncertain variables, and also provides an indication of 
whether or not the portfolios have any dspatch dscretion between resources affected by 
those variables. A description of the sensitivities performed is included in the discussion 
below. 

3.3.1 Natural Gas Prices 

To dustrate the impact that natural gas price trajectory has on the relative economics of each 
portfolio listed above, APS stressed each portfolio with both a hgh and low case forward 
gas curve to account for a large range of potential outcomes. For consistency purposes, 
these cases vary 30% up and down from the base forecast. Portfolios that rely more heavily 
on natural gas-fired generation will be impacted the most from a cost perspective by this 
sensitivity. 
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Figure 22 - Natural Gas Price Sensitivires 

3.3.2 COZ Prices 

As detailed in Appendtp A, Charles River Associates provided A P S  with not only their view 
on a likely COz price curve, but also on plausible high and low price curves based on their 
understanclrng of the legislative landscape. Portfolios that rely more heavily on carbon- 
intensive fuels like coal d be impacted most from a cost perspective by this sensitivity. 
The high carbon case assumes a higher starting price of $20/metric ton (in 2011 dollars), 
while the low carbon case provides a scenario where carbon legislation does not arise during 
the Planning Period. 



" E  2012 INTEGRATED RESOURCE PLAN 

Carbon Cost Sensitivities 
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F@re 23 - Carbon Cost Sensitivities 

3.3.3 Renewable Tax Credits 

As described earlier, under the base assumptions, the PTC and ITC either expire or are 
reduced pursuant to current tax law. APS has chosen to develop a sensitivity analysis where 
those tax crelts are both extended through the 15-year Planning Period. Portfolios that are 
more reliant on renewable resources are positively impacted by this assumption from a cost 
perspective. 

3.3.4 Energy Efficiency Costs 

Energy Efficiency costs for future compliance are a relative unknown, as they wdl rely 
heavily on the pace and adoption of newer, more efficient technologies during the coming 
decade. APS has modeled a plus and minus 30% cost swing to create hgh and low EE cost 
cases to illustrate the impact of future compliance cost risk. APS did not apply h s  
variabdity in the first few years of the Planning Period; rather, the Company ramped into 
those values because costs in the early years are relatively well known and based on the 2012 
DSM Implementation Plan filing. 

A number of factors contribute to the potential for future EE costs to vary from planned 
costs. EE costs could be higher if additional investment in marketing and education is 
needed to generate increased participation in customer programs. Another possibility is that 
as the benefits of lower-cost existing programs are exhausted, the cost of achieving 
additional energy efficiency may become greater with time. In addition, new technologies 
may require a higher incentive to secure customer participation. Conversely, there is 
potential for future EE costs to be lower due to changes in codes, standards or distribution 
system efficiencies. 
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F&we 24 - EE Cost Sensitiuities 

3.3.5 Externalities 

Dr. Ezra Hausman of Synapse Energy gave a presentation at the APS resource planning 
stakeholder meeting held on June 18,2010, primarily dealing with the monetization of three 
emissions: SOz, NOx, and PM. The calculations behind these monetizations were based on 
work performed by the National Academies of Science. APS has run sensitivity analyses 
where these externality costs, whch attempt to quantify a societal impact from certain 
emissions, are included in the dispatch cost of APS resources. The externality cost for each 
emission is different for each APS plant due to factors such as proximity to population and 
emission control equipment. In addtion, APS monetized the cost of water consumption at 
its generation facilities as part of the externalities sensitivity. These costs are based upon 
existing contracts for treated effluent water. The values are provided in response to Rule 
E.1Q. 

3.4 SCENARIO ANALYSIS 

To further demonstrate the impact of the sensitivities on each portfolio, APS created two 
distinct scenarios that incorporate the two extremes of the cost spectrum: 

Low Cost Scenario: This scenario envisions a case where all of the major cost forecasts 
contained in the base assumptions are too high. This scenario applies the 30% lower natural 
gas price curve, the 30% lower EE cost curve, the extension of the PTC and ITC, and 
$O/metric ton cost for carbon emissions. The Low Cost Scenario effectively captures a 
reasonable "best case" for future revenue requirements. 

Hid Cost Scenario: This scenario provides the opposite extreme from the Low Cost 
Scenario, in that it envisions a future where all of the major cost forecasts contained in the 
base assumptions are too low. This scenario applies the 30% hgher natural gas price curve, 
the 30% higher EE cost m e ,  and the high carbon forecast provided by Charles River 
Associates in Appendix A. The High Cost Scenario captures a reasonable "worst case" for 
future revenue requirements. 
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3.5 RESULTS OF PORTFOLIO ANALYSIS 

3.5.1 Summary of Portfolio Analytics 

Base h e  *$26.9B N W  Rrpmue Replirrments 
duringPhnnmgPaiod 
*$44.2B NPV Revenue Reqr6rrmmts 
throcgh 2041 
*%YO m a a ~  m sytmn costb p a  Mwh 
by 2027 
W.7B onnuhave Cap& by 2027 

Four &mers *$27.3B NPV Revenue Requuements 

Contingency 

Enhpnced  

Renewable 

coal 
Retirement 

during Phnning Period 
'544.6B NPV Revenue Requirements 
through 2041 

086% increase in system costs per MWb 
by 2027 
*$9.7B cumuhtive CapEx by 2027 
*$27.6B N W  Revenue Rcplirrmcnts 
duringPhdngPaiod 
*$45B N W  Rcvmuc Rcquimnents 
through 2041 

by 2027 
*$l2.6B cumuhtivc Cap- by 2027 

*%?lo murnse in sysmn costa p e r m  

*$27.9B NPV Revenue Requirements 
during Pbnning Period 
-$45.3B NPV Revenue Requirements 
through 2041 

-92% increase in system costs per MWb 
by 2027 
-113.3B cumuhtive Cap& by 2027 

*C02 intcnsitg drop~26% by 2027 

=Wata mensky drops 27% by 2027 

-65% of energy gmwth met by 
energy r c s o ~ c 3  

*COz intensity drops 39% by 2027 

*Water mtmsity drops 37% by 2027 

-65% of energy growth met by ckan 
energy RSOUlCCS 

*C02 intensity drops 37% by 2027 

*Water inensity drops 30% by 2027 

-92% of energy gmwh met by dxo 
energyrcsolmes 

*CO, intensity drops 60% by 2027 

*Water intensity drops 55% by 2027 

-83% of energy growth met by ckan 
energy resources 

-1 47 BCF annual natural gas bum in 2027 

.Four Comm phnt is retired ar the end 
of2015 and replpced by naturalgas 
resources 
*Compiance k d  of E / R E  

082 BCF annual ~d gas bmn m 2027 

Mrianhu d Qct conmbutioll 

' c o m ~ c c  hrcb of €23 

*Doubka RE conmbuhn 
*Most b h d  poniOI0 amoog hcl 

*175 BCF annualnatutalgas bum in 2027 
sources 

'Retires illl coal p h t s  by the end of 2024 
and rephces energy production with 75% 
naturalgas / 25% RE 
.Compliance kvek of EE 

-S&ghtly bigher than compliance levels of 
RE 

Table 4 - Summay of Poryblio Anahtics 
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Figrcre 25 - Comparison $Annual Revenue Requirements 

Annual revenue requirements will steadily rise over the course of the Planning Period. 
regardless of the portfolio selected. 
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Figtre 26 - Comparison $NPV Revenue Requirements (2012-2027) 

The four portfolios analyzed have markedly similar 15-year NPV of revenue requirements 
for the 15-year Planning Period. The Base Case Portfolio has the lowest NPV revenue 
requirements during t h i s  window at $26.9B, while the Coal Retirement Portfolio is the most 
expensive at $27.9B, an increase of approximately 3.6%. 
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Figun 27 - Cumulative CapEx (2012-2027) 

The Enhanced Renewable and the Coal Retirement portfolios both have markedly higher 
capital requirements compared to the Base Case and Four Corners Contingency portfolios. 
The Coal Retirement Portfolio is retiring over 1,700 M W  of coal generation, replacing it with 
new natural gas and renewable energy resources. The Enhanced Renewable Portfolio is 
installing 1,300 M W  (nameplate) more renewable energy than the first two portfolios while 
only decreasing new natural gas resources by approximately 300 M W .  These capital 
expendtures would be borne by either APS or, in the alternative, by market participants who 
then contract with APS for the needed capacity and energy. 
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Water Use - 2027 I ?. 
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Figure 28 - 2027 Annual Wafer Use 

To protect Arizona’s most precious natural resource - namely, water - the Company has 
committed to examining technologies that Mt the amount of water used to serve 
customers. APS will experience customer load growth of approximately 55% over the 
course of the Planning Period. Despite that daunting figure, the Base Case Portfolio shows 
a projected increase in water usage of only 11%. The Four Comers Contingency and Coal 
Retirement portfolios do show a decrease in overall water usage, which is driven directly by 
the retirement of APS’s low-cost coal fleet. 
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Figure 29 - 2027 Annual CO, Emissions 

APS’s COZ emissions profile is projected to be slightly higher (13.5Y0) in 2027 for the Base 
Case in spite of the rapidly increasing customer load requirements. This increase is due to 
the economic acquisition of the SCE share of Four Corners, and the addtion of natural gas 

I55 
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resources to meet customer needs. The two portfolios that retire some or all of APS’s coal 
fleet do show a marked decrease in COz emiss>ons. 

Natural Gas Burn - 2027 
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F&an 30 - 2027 Annual Natural Gas Barn 

APS’s annual gas burn will increase sigmficantly during the Planning Period, with portfolios 
that retire coal assets showing the largest increases at 2.5-3 times above current levels. While 
natural gas prices are currently low, they have historically been very volatile. 

3.5.3 Discussion of Results 

The four portfolios analyzed using the base assumptions are markedly sunilar in customer 
cost. On an NPV basis, the total revenue requirements are withtn a 3.6% variance during 
the Planning Period. The Base Case Portfolio provides the lowest cumulative capital 
expenditures and revenue requirements of all portfolios analyzed. The two portfolios that 
retire some or all of APS’s coal fleet do provide reduced COZ emissions and water usage; 
however, they come with the tradeoff of a significant increase in natural gas burn and higher 
cost. In addition, and as portrayed in Figure 18 through Figure 21, these portfolios do not 
provide the same level of fuel dversity as either the Base Case or Enhanced Renewable 
portfolios, and result in A P S  becoming largely dependent upon natural gas resources to meet 
future customer needs. The Enhanced Renewable Portfolio provides a comparatively lower 
natural gas burn than the Base Case Portfolio due to its increased reliance on renewable 
resources, which also results in modest improvements in COZ and water use. Detailed 
results of the base analysis can be found at Attachment F.l(b). 
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3.6 RESULTS OF SENSITMTY AND SCENARIO ANALYSES 

3.6.1 Summary of Sensitivity Analysis 

Revenue Requirement Range 
N PV 2012-2027 

Base 
$30,000 1 
$29,000 

$28,000 

- $27,000 

E $26,000 

u) 

- - - 
v) 

$24,000 11. 
$23,000 I 

Base Case Four Corners Enhanced Coal Retirement 
Contingency Renewable 

Fignre 3 1 - Impact of Sensitivities on 2012-2027 Revenue Requirements 

The Four Corners Contingency and Coal Retirement portfolios have the most variability in 
the potential NPV of revenue requirements after taking into account the sensitivity analytics 
discussed above. The single largest driver for this volatility is the price sensitivity to natural 
gas of plus or minus 30%. These two portfolios are heavily reliant on natural gas bum; 
therefore, they are the most affected by this sensitivity. 
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Natural Gas Burn Range - 2027 
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Figure 32 - Impact ofSensitiujties on 2027 Natural Gas Burn 

Natural gas burn is predominantly affected by the price sensitivity on natural gas. Portfolios 
that retain some or all of the APS coal fleet are capable of some level of fuel switchmg to 
mittgate increased natural gas prices. If natural gas prices are lower than predicted, these 
portfolios are also capable of “backmg down” the coal fleet and increasing generation from 
natural gas resources to take advantage of the reduced dspatch cost. The Coal Retirement 
Portfolio, however, has no fuel switchng capabilities and becomes a “price taker” on natural 
gas, unable to modify its dispatch should prices rise. 
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Figure 33 - Impact of Sensitivities on 2027 Carbon Emissions 

COz emissions are impacted by the natural gas and Con price sensitivities. Increased natural 
gas prices or a lack of a carbon cost would increase the dspatch of coal generation (for those 
portfolios retaining coal), whereas low natural gas prices or a hgh carbon cost would shft 
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production away from coal and towards natural gas. As stated earlier, the Coal Retirement 
Portfolio is unable to mod$ its dispatch. 
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Figure 34 - Impact ofSensitivities on 2027 Water Usc 

Similar to C02 emissions, water use is driven primarily by natural gas and COz price 
sensitivities and their impact on the dispatch prices of natural gas and coal-fired plants. 

i o  
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Variability from Base Assumptions due to  Sensitivity Analyses 
Four Corners Enhanced Coal 
Cont ingency  Renewable Retirement 

Sensitivity Base Case 
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3.6.2 Discussion of Sensitivity Results 

When analyzing the results of the sensitivity screens, a key metric to focus on is the cost 
impact; namely, how susceptible is each portfolio to the price volatility inherent in each of 
the main cost inputs. Both the Four Corners Contingency and Coal Retirement portfolios 
have revenue requirement NPVs that fluctuate 11-12% (depending on the sensitivity) over 
the Planning Period. The Base Case and Enhanced Renewable portfolios show much less 
variation in Revenue Requirements, with 7% and 6% difference over the Planning Period, 
respectively. 

Below is a brief description of the results of each sensitivity case. Detailed results of the 
sensitivity analyses are located in Attachment F.l(c). One item to note is the lack of impact 
any of the sensitivities have on the Coal Retirement Porrfolio’s non-cost memcs. Due to its 
maximization of natural gas resources, there is little fuel switching possible within that 
portfolio. As a result, it becomes the functional equivalent of a “price taker” of natural gas. 

Natural Gas Prices: Natural gas prices exerted the largest impact on the portfolio results of 
all of the sensitivities analyzed by APS. Revenue requirements were more impacted - both 
positively and negatively - by natural gas prices than any other variable. High natural gas 
prices also resulted in fuel switching away from natural gas and towards coal-fired 
generation, which causes an increase in both water use and carbon emissions. APSs fuel 
mix in 2027 for the Base Case Portfolio would move from 26% coal and 26.3% natural gas 
to 28.7% coal and 23.6% natural gas. On the other hand, low natural gas prices significantly 
shift the dispatch of APS’s resources towards gas-faed generation. APSs fuel mix in 2027 
for the Base Case Portfolio would shift to only 15% coal and 37.3% natural gas. 

. .  Carbon Pn cex Carbon prices have a markedly similar impact on fuel dispatch as natural 
gas prices, albeit for dfferent reasons. While carbon prices have an impact to the dispatch 
cost of gas-fired generation, they more directly influence the dispatch position of the coal 
fleet. In 2027, coal generation fluctuated in the Base Case Portfolio from 17.9% of the 
energy mix in the high carbon price sensitivity up to 29% in the low carbon price case, with 
natural gas making up 34.4% and 23.3%, respectively. Because carbon pricing impacts both 
fuel sources to varying levels, the degree of fuel switching was shghtly less prevalent than in 
the natural gas price sensitivities. 

fktemakies: Externality costs increased revenue requirements by 2.5 to 3.2%, dependmg 
upon the portfolio, with the portfolios where coal-fired generation is retired being marginally 
less impacted than those that retained all of APS’s existing coal fleet. These costs also 
slightly impacted the dispatch of APS resources, with a 2.1% energy shift from coal towards 
natural gas in the Base Case Portfolio. 

fiE COJ~J: Energy efficiency costs have an identical impact in revenue requirements across 
all portfolios, as each portfolio assumes the same level of energy efficiency on the system 
due to its “must take” nature. Each portfolio’s NPV of revenue requirements is impacted by 
plus or minus 0.8% when energy efficiency costs are shfted by 30% up or down. As this 
sensitivity impacts cost only and does not modify unit dispatch, there is no change to any of 
the other metrics. 

PTc/lTcEx tension: Similar to energy efficiency costs, the extension of the PTC and ITC 
past their current expiration dates only impacts the costs of renewable resources and 
therefore only causes a change in the revenue requirements metric. Portfolios that have 



.J' 

Requirements 

(2012-2027) 

Natural Gas Burn 

(2(n7) 

Carbon Emissions 

(2027) 

Water Use (2027) 

Overallvariance 

(Min/Max) 

201 2 INTEGRATED RESOURCE PLAN 

higher penetration levels of renewable energy, such as the Enhanced Renewable and Coa~ 
Retirement portfolios, are more impacted by this sensitivity. 

3.6.3 Summary of Scenario Analysis 
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Figure 35 - Impact $Scenarios on 2912-2027 Revenue Requirements 

Variabilitv from Base Assumptions due to Scenario Analvses 
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Conringency Renewable 

'113111 
Ret I re m e  n t  

Table 6 - Summary of Scenario Anabses 

3.6.4 Discussion of Scenario Results 

The High Cost Scenario incorporates the higher curves for natural gas, carbon, and EE 
prices, while the Low Cost Scenario utilizes the lower curves for those key variables, in 
addition to extending the renewable tax credts. This method effectively puts a hgh and low 
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collar on &e likely revenue requirements that would result from each portfolio created. The 
overall impact is that revenue requirements have a total range of 11.5 to 16.2%, depending 
on the poafolio.35 By maximizing the highest-cost and lowest-cost curves for carbon, 
natural gas, and energy efficiency prices, fuel switching is relatively minor in each portfolio. 
This occurs because the %her dispatch price of gas-fired generators due to the higher 
natural gas curve is mostly offset by the higher dispatch price imposed upon coal-fired 
generation by the hgh carbon cost curve. These two scenarios illustrate the range of 
possible total costs for each portfolio and show the interplay between the key variables and 
how they impact resource dispatch. Detailed results of the scenario analyses can be found at 
Attachment F.l (d). 

3.7 2012 RESOURCE PLAN 
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Figrrre 36 - 2012 Resource Plan: Sources of Enetgy Growth 

APS has adequate plans in place to meet the near-term needs of customers, and several 
options exist for future resource decisions. The APS 2012 Resource Plan contains three 
distinct stages as resource decisions become more fluid through time: the Near-Term 
Resource Plan (0-3 years); the Intermediate-Term Resource Plan (4-1 5 years); and, the Long- 
Term Resource Plan (16+ years). 

Near-Tern Resource Plan: Over the next three years, APS plans to continue to pursue energy 
efficiency and renewable energy resources to comply with the EE Standard as well as the 
2009 Settlement Agreement, which requires APS to obtain an estimated 10% of its energy 
needs from renewable resources by 201 5.36 As a result, additional generation of 1.7 GWh 
will come from new renewable resources beyond existing renewable resources or contracts 
as of the end of 2008. These existing commitments, coupled with the fact that APS is 
heading into the 2012 summer season with approximately 600 Mw of excess capacity, result 
in no difference between any of the portfolios analyzed during this near-term period. 
Details on the activities that will occur during tlvs stage can be found in the Action Plan.37 
The only potential differentiator during this time period is the status of the Four Corners 
transaction. Should that transaction not be consummated, APS would begm the process of 
budding or acquiring combined cycle capacity during this stage in preparation for a need in 
201 6. 

35 Lowest forecast NPV of revenue requirements compared to the highest forecast NPV of revenue requirements for the 
Planning Period. 
36 Decision No. 71448 (December 30,2009). See Exhibit A at p. 31, Paragraph X V .  
3' Response to Rules H.l-H.3. 
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Jntennediae-Tenn Re sourcePkan: The second stage of the 2012 Resource Plan occurs 
between years 4 and 15 of the Planning Period. During this window, A P S  begins to add 
conventional generation resources in addition to the renewable energy and energy efficiency 
resources that were added during the near-term stage. APS foresees the ability to treat 
natural gas and renewable energy resources as compettng levers during this time period, and 
resource decisions can be modified from the current plan based on the relative tradeoffs 
between those fuel sources throughout the intermediate-term stage. For example, APS plans 
to add over 3,700 M W  of natural gas generation capacity and 749 M W  of renewable 
coincident-peak capacity during this stage. In the event that solar, wind, geothermal, or 
other renewable resources change in value and become a more viable and cost-effective 
option than natural gas, future resource plans may feflect a balance more commensurate to 
the Enhanced Renewable Portfolio. 

The intermediate-term stage is also where APS would modify its direction should coal-fired 
generation become cost prohibitive due to legislative or regulatory action taken on the 
federal level, or customer program participation does not meet the levels anticipated in the 
plan. Should this occur, APS would shft towards more natural gas and renewable 
generation than the current plan indicates. Because APS will be in front of the Commission 
on a bi-annual basis with its Integrated Resource Plan h g s ,  there will be ample time to 
address the ramifications of such decisions so that APS and its stakeholders can be in 
agreement on the best path forward. 

l a n z - T m  Reso urce Pka n: Beyond the Planning Period envisioned by the IRP d e s ,  there are 
s d l  many resource decisions that APS must consider to adequately plan for the future. 
Regardless of the approach today, APS will be moving towards a more natural gas-intensive 
portfolio 20 to 30 years in the future. The current APS coal fleet will be at or near 
retirement during this window. Managmg the transition during the long-term stage will be 
key to managmg the risk profie of the Company’s energy resources. APS will continue to 
monitor new technology options, such as new nuclear capacity, to determine how best to 
structure this risk profde. As in the intermedate-term stage, renewable resources have the 
ability to diversify the overall portfolio of resources and provide mitigation against the 
inherent price volatility risks associated with a natural gas-dominated energy mix. In 
addition, energy efficiency programs likely d continue to provide some incremental energy 
benefit to A P S .  Future Integrated Resource Plan filings will address these outer years. 
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RESPONSE T O  RULES: SECTION C - DEMAND 

Resource Planning Rule A.A.C. R14-2-703 sets forth the reporting requirements for a load- 
serving entity. The following items provide responses to section R14-2-703(C), which 
specifically requires information related to system load forecasts. 

RULE C.l 

F$een-yearforecast of system coinciakntpeak load (megawaffd and ener;lgr consuqbtion (megawaff-hours) Ly 
month and year, *ressed sqarateh for midentiad commercial, industrial, and other customer ckasse; for 
inteybtiblepom;for resale; andfor energy hsses. 

A fifteen-year forecast of peak load by month and year by customer class is provided in 
Attachment C.l.(a) and a fifteen-year forecast of energy consumption is provided in 
Attachment C.l.@). For the commercial and industrial classes, the information is 
consolidated into a category for customers with loads less than 3MW and a category for 
customers with loads greater than 3MW. Since demand response programs are treated as a 
resource, there is no load reduction in the forecast attributed to interruptible power. 

RULE C.2 

Disagpgation of the had forecat of subsection (C)(l) into a coqbonent in which no aaVitional demand 
management measures are assumed, and a coqbonent assuming the change in load due to additional 
forecasted demand management measures. 

A disaggregation of the load forecast by month by year into a component in which no 
additional demand management measures are assumed is provided on the line labeled “Own 
Load Peak - After DE Before EE/DR” in Attachment C.2. Within the same exhibit, a 
dsaggregation of the load forecast assuming the change in load due to additional forecast 
demand management measures is provided on the lines labeled “Energy Efficiency 
Programs” and “Demand Response Programs.” Consistent with the defrnition of Demand 
Management in R14-2-701 of the Resource Planning Rules, both energy efficiency and 
demand response are included in the disaggregation because they include programs that 
could provide a beneficial reduction in the total cost of meeting electric energy service needs 
by reducing or s h h g  in time electricity usage. TOU rates may also be considered demand 
management measures. TOU rates have been in effect at APS since 1982 and have already 
been accounted for in the Total Own Load Peak forecast in Attachment C.2. APS estimates 
that residential TOU rates have reduced summer peak loads by over 100 MW. 

RULE C.3 

Documentation $all sources of Ata, anahses, method, and assuqbtions used in making the load forecasts, 
including a descn)tion $ how the forecasts were benchmarked andjustzzcations for selecting the method and 
assuqbtions used. 

The APS load forecast is developed using the most appropriate methods available gven the 
data available for use and the historic performance of alternate techniques. The load 
forecast is developed from several dtfferent class-level analyses, which account for 
differences in the way customers use electricity. These analyses also reflect the hgh relative 
importance of regonal population and economic growth as a determinant of future 
electricity demand. The following discussion outlines the methods used to prepare the load 
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forecasts for each relevant class of customer and, per the requirement of the Rules, provides 
a description of how the models are benchmarked and the justification for the forecast 
method. 

Residen2ialLud The residential load forecast is the product of a residential customer 
forecast and a corresponding electricity-use-per-customer forecast. The residential customer 
forecast is tied to a forecast of statewide population by year, a forecast of the number of 
people per household, and a forecast of the share of a given region of the state which will be 
served by APS. 

. 

Historical population and household data are reported by the U.S. Census Bureau. The 
change in annual population is disaggregated into a component driven by net natural 
increase (number of births each year less the number of deaths each year) and a component 
driven by net migration. Each of these components is expressed as a growth rate, and these 
rates are extrapolated forward. The historic net natural increase rate (over the past 40 years) 
is remarkably stable at about one percent per year, so the extrapolation into the future 
reflects this constancy. The forecast of the net migration rate reflects the volatility of 
migration related to the business cycle in the overall economy and also a long-term trend 
toward a lower overall migration rate. 

The forecast of population resulting from the application of these projected growth rates 
into the future is then benchmarked against other publicly available forecasts for 
reasonableness. Some of the publicly available sources include the US. Census Bureau, the 
Arizona Department of Commerce, and the University of Arizona Keller School of 
Management and Business. 

The projected growth in population necessarily implies a growth in residential households, as 
well. The relationship between households and population is typically expressed as the 
number of people per household. The hstorical rate of people per household has declined 
substantially over the last 40 years as the population has aged, although the rate of decline 
has slowed in more recent years. This historic rate is extrapolated into the future by 
combining information about the percent of each age cohort who are heads of household 
with the projected age distribution in order to accurately reflect the impact the continued 
aging of the population will have on the number of people per household. The forecast of 
people per household is combined with the forecast of population to derive the residential 
household forecast. 

The number of residential electric customers expected in the future is predominately 
influenced by the expected growth in residential households, adjusted for service territory 
shares of various regions within the state. For example, APS serves approximately 45% of 
Maricopa County, but has been receiving about 50% of the new households each year. APS 
serves none of Pima and Mohave counties, but almost all of Yuma, Yavapai, and Coconino 
counties. These historic trends in the share of new households within a r q o n  are 
extrapolated into the future and reflect an assessment of the degree to which those trends 
may continue. The result is a forecast of APS residential customers by year which reflects 
anticipated changes in migration rates, the age distribution of the population, and the 
regional location of new households. 

The forecast of electricity use per customer is prepared using an end-use-based model which 
explicitly accounts for the electricity consumed by five large electricity-using applications in 
residential households and an amount of electricity for everydung else. The five large 
applications are space cooling, space heating, water heating, refrigerators, and swimming 
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pool pumps. Historical saturation data for these end uses is compiled from appliance 
ownership surveys of APS customers. Forecasts of these saturations in combination with 
the number of residential customers determine how many electricity-using applications are 
expected to be active in the future. 

Historical electricity use for the five large electricity-using applications mentioned above has 
been estimated from a statistical method called conditional demand analysis (CDA). CDA 
allows individual household billing data to be combined with appliance ownershp and other 
household characteristics (such as size of home and number of people in the home), and the 
systematic correlations between household total electricity usage and appliance ownership 
result in estimates of electricity use for each separately identified end use. About half of 
average residential customer electricity use in desert areas can be accounted for by these five 
large uses. The Energy Information Administration (EIA) produces national estimates of 
annual usage per appliance for many electrical appliances, but due to the difference between 
the national average dimate and Arizona’s dimate, these estimates cannot be used directly; 
however, the estimates from the EIA are useful for testing the reasonableness of the CDA 
estimates. 

Electricity use for each of these applications is projected based on the most recent CDA 
estimates, an assumption of normal weather, known efficiency trends for new and 
replacement air-conditioning and electric heat units and refigerators, and for increases in 
average home size. Normal weather reflects the most recent 10-year average of cooling 
degree-days, heating degree-days, and humidity. Remaining electricity usage related to 
unspecified appliances or electricity-using applications is correlated to average home size and 
projected based on the anticipated future average home size. Total projected annual 
residential electricity demand is the product of the projected average use per customer and 
the projected number of residential customers. 

Other methods have been tried by or are available to APS to model residential usage. 
Econometric models relating usage to independent variables including weather, the real 
(inflation-adjusted) price of electricity, average home size, appliance ownership, and 
efficiency trends have been used in the past. The performance of these models has broken 
down, though, in certain circumstances such as in the late 1990s during a period of 
exceptional growth in home electronics and the summer of 2001 during the California 
energy crisis. Other modelmg approaches include more detailed end use models or simpler 
trend or extrapolation models, but neither of these approaches is satisfactory. The cost of 
acquiring and maintaining more detailed end use data appears prohibitive, and the simpler 
techniques provide too little insight and accuracy. 

commemaal and Industrial Customers Lss Than 3 MW L a d  : The load forecast for the group 
of commercial and industrial customers with electric demand less than 3 M W  is the product 
of a regression analysis of historical sales growth. A customer forecast is also produced, and 
the two together provide an implied use-per-customer forecast that serves as a useful 
&agnostic tool. The total class customer forecast is tied to the residential customer forecast 
in the long run and so anticipates the population and household growth explicitly accounted 
for in that forecast. 

The regression analysis is a statistical multiple regression model whch estimates the 
hstorical relationship between total commercial and industrial electricity demand (excluding 
mines) and overall economic growth in the APS service territory as measured by occupied 
commercial floor space. The regression model also includes variables for the real price of 
electricity and weather. The historical relationship is applied to a forecast of occupied 
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commercial floor space to arrive at a projected electricity demand level for commercial and 
industrial customers. The forecast of occupied commercial floor space is tied to the 
population forecast described above via per capita occupied commercial floor space. 
Historical data on per capita occupied commercial floor space are derived from occupancy 
data reported by Costar, a company that tracks commercial real estate in Arizona, and 
population estimates from the US. Census Bureau. The real price of electricity is projected 
by including any known rate changes; otherwise, the real price is assumed constant over 
time. As with the residential model, normal weather is defmed as the average of the last 10 
years. 

Once the forecast for total commercial and industrial demand has been completed, the 
forecast for specific customers with loads greater than 3 M W  is subtracted from the total. 

As with the residential sector, other modeling approaches are avdable, including end-use- 
based models or simpler extrapolative techniques. APS does not employ an end-use model 
for commercial and industrial sales because of cost; electricity-using appliances and 
machinery for commercial and industrial customers are much more heterogeneous than 
those used by residential customers, so the level of detail would need to be much higher to 
accommodate the differences. These more detailed data would also be more costly to collect 
from business customers, since the surveys would require a higher level of participation from 
business and facilities managers to explain the important building attributes. Simpler 
methods are avoided for the same reasons as in the residential sector - too little insight and 
accuracy. 

enial and Indushal Customers Greater Than 3 M W L o 4  : For customers with loads in 
excess of 3 MW, electricity demand forecasts are prepared individually. These forecasts are 
developed with input provided by customer account managers who are in routine 
communication with the customers and are knowledgeable about those customers’ 
substantive near-term plans. In the absence of any additional information, these customers’ 
loads are generally held constant in the outer years of the forecast. APS would be unlikely 
to find reliable independent causal variables to substitute for this method. No new 
customers are forecast for this group unless a specific new customer has been identified and 
it has been determined that the customer has a high probability of connecting to the system 
in the near future. Longer-term potential growth is captured in the econometric model of 
total commercial and industrial sales. 

Imjation and Street f i fb t  Customer Load The irrigation and street ltght classes represent 
two very small components of the APS load requirement. The number of irrigation 
accounts has declined substantially over the last couple of decades as population growth has 
driven the conversion of agricultural land into residential and commercial uses. Street light 
electricity demand typically grows in h e  with overall electricity demand reflecting the natural 
expansion in cities and towns. The electricity demand for each of these classes is projected 
by trending both the number of customers and the average use per customer in the class. 

Resale Customer Load APS has sales contracts with a number of wholesale customers who are 
partial requirements customers. These customers are primarily electrical and irrigation 
districts located in western Maricopa County and in Pinal County whose main electricity 
demand comes from irrigation pumps w i h  their territory. They are referred to as partial 
requirements because APS serves all of their electricity demand except for a portion which is 
supplied with federal hydroelectric preference power from the Colorado River. As a group, 
the districts’ total electricity demand is neither expanding nor contracting. Year-to-year 
volatihty emerges in the APS requirement due to changes in the availability of preference 
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power from one year to the next. The load forecast assumes total demand for these 
customers remains constant through the term of their contracts, with adjustments for known 
or expected deviations in preference power included. This view is also informed by 
discussions with the customers. APS would be unlikely to frnd reliable independent causal 
variables to substitute for this method. 

In addition to this electrical and irrigation district load, APS serves three requirements 
customers who each have residential and commercial customers in addition to pumping 
load. For these customers, the load obligation is either contractually determined or small 
and stable; the load forecast maintains these loads through the terms of their respective 
contracts. 

F n m  Lo SSG Energy losses (energy furnished without charge and energy used by the 
load-serving entity) are measured as the dfference between the total amount of electricity 
generated or purchased to meet APS system demands and the total amount of electricity 
consumed by A P S  customers at the customer meter level. The most recent five-year average 
of these energy losses is 7%. The forecast for energy losses is based on the historical rate 
plus an adjustment to losses due to the termination of energy wheeled for SCE from Four 
Comers after 2012. 

O t w l L o d E n w  
demands plus energy losses. 

Own load energy is the summation of the class-level electricity 

peak Demand The annual peak demands on the APS system are projected by trendmg the 
historical system load factor for the summer months of June-September and applying that 
load factor to the projected own load energy. Certain extra large loads are accounted for 
separately so that changes in their historical usage patterns do not distort the interpretation 
of the underlying trend for smaller customers. The historical pattern shows volatility from 
year to year, but overall stability within a range of 68% to 64% for those summer months. 
The use of historical data allows for a natural benchmarhng of load factor. The adopted 
approach provides the greatest consistency between energy demand growth and peak 
demand growth with an assurance of reasonableness, accuracy (within an acceptable range), 
and ease of use. 

There are relatively few alternatives to forecasting peak demand. Regression models would 
require the development of a set of causal variables, and a projected load factor implied by 
the model results would have to be calculated to gain assurance that the results agree with 
the historical trend. Class-based hourly load models may be another option, but currently 
they require more data precision than is presently available. 
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RESPONSE TO RULES: SECTION D - SUPPLY 

Resource Planning Rule A.A.C. R14-2-703 sets forth the reporting requirements for a load- 
serving entity. The following items provide responses to section R14-2-703(D), which 
specifically requires &formation related to system resources. 

RULE D.l(a) 

A l5year msounepkan, pmvidingfor eachyear: (a) Pnjeded data for each ofthe items hted in subsecrion 
(B)(l),jir each getmating unit andpunhasedpower soume, including each generating unit that is expected to 
be new or n>rbished during the period, which shall be dengnated as new or m@diskd, as apphcabh, j i r  the 

year ofpunbase or the pmod of rejiudishrnent. 

Projected data for each generating unit and purchased power resource is provided in the 
attachments referenced in Table 7. 
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B.l(o) Description of each generaung unit 

B.l(p) Environmental impacts - COz 

B.l (p) Environmental impacts - CO 

B.l (D) Environmental imDacts - VOC 

I Projected Data for Generating Units I Attachment 1 

D.l(a) (1) 

D.l(a)(8) 

D.l(a)(8) 

D.lW(8) 

B.l (a) In service date and book life 

B.l (p) Environmental impacts - Hg 

B.l (p) Environmental impacts - PM 

B.l(q) Water consumption quantities and rates 

B.l(r) Tons of coal ash collected per unit (fly ash) 

B.l (b) Type of generating unit or contract 

B.l (c) Share of generating unit capacity in MW 

B.l (d) Maximum generating unit capacity 

B.l fe) Annual caDacitv factor 

D.l(a) (8) 

D.l(a) (8) 

(8) 

D.l(a) (8) 

B.10 Average heat rate 

B.l (gj Average fuel cost 

B.l (h) Other variable O&M 

B.l (i) Purchased power energy costs -long-term contracts 

B.l(j) Fixed O&M of generating units ($/MW) 

B.l (k) Demand charges for purchased power 

B.l (l) Fuel type for each generating unit 

B.l (m) Minimum capacity 

I B.l (n) Whether the generating unit must run if available I D.l(a)(l) I 

I B.l(p) Environmental impacts - NOx I D.l(a)(8) I 
I B.l(p) Environmental impacts - SO2 I D.l(aI(8) I 

I B.l(r) Tons of coal ash collected per unit (bottom ash) I D.l(a)(8) I 
Table 7 - List of D. 1 (a) Attachments 

RULE D.l(b) - B.2(a) 

A IS-year resource plan, pmvidhgfor eachyear: (b) Pyeded data for each ofthe items listed in subsection 
(B)(2),,for the power s q p h  gstem. Rule B.2(a): A description of generating unit commitment 
pmcedums. 

APS optimizes the use of its resources to serve native load in the most economical manner 
possible, while maintaining grid reliability. The process begins by forecasting the load on a 
day-ahead basis. The load forecast is entered into a unit commitment and dispatch model 
(PCI GenTrader@/GenPortal@) that determines the most economic unit commitment plan 
for serving load, taking into account generating unit capabilities, intermittent resource 
production forecasts (e.g., wind and solar), fuel prices, conti-actual requirements, and 
transmission constraints. This commitment plan shows the units to be committed each hour, 
their projected loading level and the quantity of natural gas to be scheduled. 
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As part of the process, the model calculates prices for blocks of energy to help determine if 
it would be cheaper to buy power from the market rather than to run generating units. The 
day-ahead trader compares these calculated block energy prices with actual power prices 
being offered in the market, then purchases either on-peak or off-peak blocks of energy, if 
economical. The model also calculates the breakeven price for m a k q  sales out of the 
Company’s generating units, after taking into account native load and any other pre-existing 
power sales commitments. If economical, the day-ahead trader will make power sales in the 
market. 

The day-ahead commitment plan is turned over to real-time operations to implement. The 
real-time traders update the load and available resource forecasts and re-run the unit 
commitment and dispatch model to fine-tune the commitment plan. They also check the 
hourly market to make purchases and sales of power to further optimize the system. Any 
demand response products that can be utilized within the day are also considered. 

The real-time traders commit (start) and de-commit (shutdown) generating units as needed 
to meet load and sales commitments. They also update the plan as needed for generating 
unit or transmission outages, optimizing utilization of available resources. 

For the duration of the Planning Period, the generating unit commitment procedures are not 
expected to change from one year to the next. 

RULE D.l(b) - B.2(b) 

A 15-year resource plan, pmvidingjr eathyear (b) Pmjeded data jr  each ofthe items bsted in subsection 
(B)(2),jr the power s@pb gstem. Rule B.2(b): Pmduction cost. 

The production costs for the 15-year plan are provided in Table 8. “Production Costs” 
(defined in R14-2-701(33)) include variable O&M costs of produung electricity through 
APS-owned generation. “Fuel” includes the commodity portion of fuel costs for APS- 
owned generating units to meet APS native load plus a long-term sales contract. 
“Emissions” refers to the costs associated with any SOz and COz emissions. “Purchases” 
includes the variable O M  and commodity portion of fuel costs for tolled generating units, 
costs for existing PPAs, and assumed future renewable purchased power costs and costs 
associated with short term market purchases represented in response to Rule D.l@) - B.2(9. 
“Sales” are shown as a negative value and reflect revenue from a long-term wholesale sales 
contract that expires in 2020. 

eap6 I73 
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TOTAL PRODUCTION COSTS E 
i 

2012 Resource Plan r 

(MILLIONS OF DOLLARS) 

Generation Emissions Purchases Sales Total - .  
Varlable . 

OLM 5 0 2 L C 0 2  Demand Energy $Million 

201 2 $457.9 $44.7 ($0.1) $1 08.9 $21 4.0 ($2.5) $822.9 
201 3 $461 .O $47.1 ($0.1) $1 10.0 $252.8 ($4.5) $866.3 

-- - Furl 

201 4 $472.9 $46.5 ($0.1) $1 10.8 $354.3 ($3.9) $980.5 
201 5 $481.1 $48.4 ($0.1 ) $1 12.0 $370.4 ($8.3) $1,003.6 
201 6 $541.2 $52.8 ($0.1 1 $112.6 $388.9 ($9.6) $1,085.9 
201 7 $660.5 $62.3 00.1 1 $137.1 $345.3 ($1 1 .O) $1,194.1 
201 8 $768.3 $66.7 ($0.1 1 $1 21.7 $31 5.6 ($1 2.5) $1,259.7 
201 9 $798.1 $68.4 $59.1 $128.3 $332.3 ($1 3.5) $1.372.7 
2020 $908.8 $78.8 $69.5 $74.1 $261 .O ($1 3.3) $1,378.9 
2021 $948.8 $82.5 $76.8 $76.7 $359.6 ’ $0.0 $1,544.4 
2022 $1,024.6 $86.7 $1 00.0 $72.9 $352.4 $0.0 $1,636.6 
2023 $1.120.7 $93.7 $1 14.8 $80.9 $378.2 $0.0 $1,788.3 
2024 $1,184.4 $98.3 $1 34.0 $75.5 $376.2 $0.0 $1 B 8 . 3  

2026 $1.31 4.3 $1 12.9 $204.3 $66.2 $414.9 $0.0 $2,112.6 
2025 $1,232.9 $105.5 $1 59.6 $15.0 $411.7 $0.0 $1.9242 

2027 $1.41 3.8 $1 20.3 $289.8 $86.0 $437.0. $0.0 $2,346.7 

Table 8 - Total Production Costs (2012-2027) 

RULE D.1@) - B.~(c) 

A 15;rear resounephn) protidingfor eacbyear: (b) Projected datafor each oftbe items hted in subsection 
(B)(2))for the power s q p h  ytem. Rule B.2(9 Reserve requirements. 

The reserve requirements for the 2012 Resource Plan are provided in Attachment F.9(b) on 
h e  4. 

RULE D.l(b) - B.2(d) 

A 15year resoune pkm, providing for eachyear (b) Projected data for each ofthe items hted in subsection 
(B)(2))for the power sqbph gutem. Rule B.2(4: Spinning resme. 

APS is one of 15 members of the Southwest Reserve Sharing Group (SRSG).38 Individual 
members’ spinning reserve requirements are calculated using a formula that takes into 
account factors such as each member’s hourly loads, purchase and sale transactions, and 
thermal generation. Currently, APS’s SRSG spinning reserve requirement is normally 
supplied by units fueled by natural gas, dependmg on economics. If APS was not an SRSG 
member, this requirement would increase to at least 560 M W  to cover the system’s largest 
single hazard. Because SRSG calculations are dependent upon each member’s system 
conditions and the interaction of those systems working together, each member’s 
contribution to SRSG spinning reserve may change over time. 

Forecast spinning reserves over the planning horizon are illustrated in Table 9. Half of these 
requirements can be met with units designed to start w i h n  10 minutes. 

38 Additional information regarding SRSG can be found,at www.srsg.org. 

http://www.srsg.org
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Year 
Spinning 
Reserve 

Table 9 - Forecast Spinning Reserve Requirement 

RULE D.l(b) - B.2(e) 

A l5year resounephn, proviahgfor eacbyear (b) Projected data for each oftbe items bsted in subsection 
(B)(2), for the power s@p& ystem. Ruk B.Z(e): RebabibQ ofgenerating, transmission, and distribution 
ystems. 

Generation reliability 

Generation reliability of a resource plan is typically measured in terms of reserve margins or 
loss of load probability (LOLP). APS’s reserve criterion is based on LOLP of one outage in 
ten years, which translates to a 15% reserve requirement. To ensure a reliable generation 
system, reserves should be greater than or equal to 15%. Following are the annual reserve 
requirement amounts based on the 15% requirement (also shown on Attachment F.9(b), line 
4). 
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2022 

2023 

Reserve Requirement ~l 

1,380 

1,434 

2016 1,086 

2024 

2025 

I I 

1,490 

1,546 

I 2017 I 1,119 

2026 1,597 

2027 1,641 
- 

1,149 

1,178 

2020 1,217 

1,325 I 

Table IO - Reserue Req&tmenfs 

Transmission and Distribution Reliability 

APS follows the Institute of Electrical and Electronics Engmeers (IEEE) 1366 - 2003, 
“Guide for Electric Power Distribution Reliability Indices” for measuring reliabihty. Three 
of the mostcommon indxators used for measuring reliabhty are System Average 
Interruption Frequency Index (SAIFI), System Average Interruption Duration Index 
(SAIDI) and Customer Average Interruption Duration Index (CAIDI). 

Forecasts for transmission and dstribution reliability are provided in Attachment D.1.P) 
and include the following key messages: 

Transmission reliabihty represents projections of the portion of total SAIFI, SAIDI, 
and CAIDI, respectively, due to outages at the transmission level and dustrates a 
general trend of improvement in transmission reliability during the 15-year Planning 
Period. 

Distribution reliabihty represents projections of the portion of total SAIFl, SAIDI, 
and CAIDI, respectively, due to outages at the distribution level and illustrates a 
general trend of improvement to APS’s reliability. Forecast vs. actual data may vary 
depending upon weather patterns and unusual events. New dstribution facilities are 
generally constructed underground due to local zoning rules. As underground 
facilities increase as a percentage of total facilities, the length of time it takes to 
locate, repair, and restore from the outage also increases due to the nature of 
underground facillties versus overhead facilities. 
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RULE D.1@) - B.2(f) 

A 15-year resowrepkan, providngfor eachyear: (b) Projected da ta j r  each ofthe items ksted in subsetton 
@)(2), for the power s ~ ~ p l y  system. Rule B.2fl: Purchase and sale prices, averaged by month, for the 
amgate of allpumhases and sales rekated to short-tern contracts. 

APS does not forecast specific short-term purchase or sales contracts in the 15-year forecast; 
however, APS does anticipate a certain level of short-term market purchases as depicted in 
Attachment F.9(b) at line 32. These are assumed to be four-month summer purchases (June 
to September) with capacity and energy prices based on the cost of a new combustion 
turbine as indicated in Table 11. These purchases provide added flexibility to the resource 
plan and may be procured a year at a time, if needed, in the year prior to the need. 

201 2 
201 3 
201 4 
201 5 
201 6 
201 7 
201 8 
201 9 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 

NOTE: 

Capacity 
Mw 
0 
0 
0 
0 
0 

213 
373 
403 
412 
424 
437 
473 
423 
38 
338 
444 

- 
Demand Cost 

$kW-Yr 
NIA 
NIA 
NIA 
NIA 
N/A 

$133.5 
$137.0 
$140.5 
$144.1 
$147.8 
$151.6 
$1 55.4 
$159.4 
$163.5 
$167.7 
$172.0 

Energy Cost 

N/A 
NIA 
NIA 
NIA 
N/A 

$79.0 
$81.8 
$84.5 
$87.2 
$90.1 
$93.2 
$96.6 
$98.5 
$100.4 
$102.4 
$104.4 

tMNh 

Currently there are no contracts in place for the capacity shown. 
The capacity is assumed to be amilable from June to September each year 
The demand costs are based on awided capacity prices for a new CT. 
The energy costs are based on fuel, startup, and O&M costs for a new CT. 

Table I 1  - Costs ofForecasted Short-Tern Market Purchases 

RULE D.l(b) - B.2(g) 

A 15-year resourcepkan, providingfor eachyear (b) Projected data fDr each ofthe items ksted in subsection 
(B)(Z),for thepower s q p h  system. Rule B.20: Enew hsses. 

Energy losses for the 15-year forecast are provided in Attachment C.l.(b) on the h e  labeled 
“Energy Losses”. 
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RULE D.l(c) 

A I5year resourcepkan, providingfor eachyear: fi) The cqital cost, construction time, and constructiian 
@ending scbedukfor eacbgenetating unit expected to  be new or refurbished during the period. 

Capital cost, construction time, and construction s p e n b g  schedules are provided in 
Attachment D.l (c). 

RULE D.l(d) 

A 15-year resounepkan, providing for eachyear (4 The escakztion levels assumed for each component of 
cost, such as, but not kmited to, operating and maintenance, environmental coqkance, y t e m  integration, 
backup cqacig, and transmission dekve y, for each generating unit andpurchasedpower source. 

The current estimate of future inflation is 2.5% per year, which is representative of inflation 
levels over the past ten years. Capital and O&M components of environmental compliance 
costs are also assumed to escalate at the general rate of inflation. Exceptions are: (1) fuel 
prices which are determined either through the forward market or contractual terms; (2) 
purchased power prices that are determined through contractual terms; (3) solar 
photovoltaic capital costs, which are expected to decline (in real terms) through 2018 as the 
technology matures, then escalate at the rate of inflation; and, (4) property taxes on 
generation and transmission resources which are assumed to escalate at 1% per year. 

RULE D.l(e) 

A 15-year resource pkan, providingfor eachyear (e) If discontinuation, decommissioning, or mothbalkng of 
a 9  power source or permanent derating of a y  generating fmlig is expected: fi] Identification of each power 
source or generating unit involved fig The costs and spending schedule for each discontinuation, 
decommissioning, mothballing, or derating and fiig The reasons for discontinuation, decommissioning, 
mothballing, or detating. 

(i) Identification of each Dower source or eeneratine unit involved 

As of the resource plan filing date, APS has assumed for analysis purposes the retirement of 
Four Corners Units 1-3 and acquisition of Southern California Ed~son’s share of Four 
Corners Units 4 and 5, subject to the approval of the Arizona Corporation Commission, the 
California Public Utilities Commission, the Federal Energy Regulatory Commission, and 
other conditions specified in APS’s ACC filing in Docket E-01345A-10-0474. If the 
proposed transaction does not come to fruition for whatever reason, disposition of Four 
Corners Units 1-3 has not yet been determined. 

In addition to the analyzed retirement of Four Corners Units 1-3, APS has initiated site 
analysis at the Ocotillo, West Phoenix, Saguaro, and Yucca power plants. Some or all of the 
generating units, as well as site infrastructure, at these plant sites are anticipated in the near 
future to need some level of updating, repair, or replacement as these sites are critical in 
maintaining system reliability. At the time of t l v s  resource plan filing, the full extent of this 
effort is not known as site analysis is currently being evaluated. Finally, APS is investigating 
the potential for environmental upgrades at Cholla. Finahation of the cost projections for 
those upgrades could impact the long-term viability of one or more units at that site. 
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(ii> n e  costs and SPen din !? schedule for each discontinuatio n. decomrm 'ssioning, 
~ o t b m e .  or derating - 

The cost to decommission Four Comers Units 1-3 is estimated to be $43 million in 2011 
dollars. APS expects to start dismantling the Units upon closure and fully demolish the site 
along with Units 4-5, which is beyond the time frame of the Planning Period. 

(iii) The reasons f or discon tmulae. decomrmss . i  o m .  . _  o t o  m thballmn. or deratmg . .  

Four Corners faces several complex environmental issues that threaten the plant's economic 
viability. On one front, the EPA has issued or is expected to soon issue a series of fmal 
regulations that could require the plant to install additional environmental controls in the 
near future. These include, among others, Clean Air Act Regional Haze rules (requiting 
certain plants, including Four Comers, to install Best Available Retrofit Technology to 
reduce haze in national parks and wilderness areas), regulations governing the disposal of 
coal combustion residuals, and strict emissions limitations for mercury and other hazardous 
air pollutants.39 Environmental groups and EPA are investigating or have alleged a series of 
New Source Review (a Clean Air Act program) violations at coal units around the country, 
including Four Comers. In addition, there is the uncertain cost of potential federal carbon 
legislation, which, if enacted, will impact many energy resources but will strike at coal 
generation the hardest. 

In 2010, EPA proposed a regional haze rulemaking that would require the Four Comers 
participants to install NOx emission controls on each of the plant's five units, and additional 
particulate controls on Units 1-3. If finalized as proposed, this rule could cause A P S  to 
invest more than $660 million in capital by 2016. 

RULE D.l(f) 

A Isyear resounepkm,proviahg for earbyear: &I 
of all new or refudisbed rtansmission and distriution fmlities eqected during the 15yearperiod. 

The capial costs and operating and maintenance costs 

An explanation of capital and O&M costs for transmission, subtransmission and distribution 
facilities is provided below. 

Transmission 

A list of transmission projects, which includes capital costs for new or refurbished 
transmission facilities, is provided in Attachment D.l.(iJ(l). 

O&M costs are not assigned to individual projects and are planned as a total of all projected 
transmission O&M during budgeting activities as shown in Table 12. As new transmission 
facilities are added to the system, they are incorporated into normal activities per APS's 
various processes. The O&M costs shown are those associated with the newly added 
transmission facilities. 

39 For additional details, see the response to Rule D.17. 
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Reda cted 

Table I2 - O&M Costs fDr New or Refurbished Transmission 

Subtransmission 

APS annually conducts an analysis of its 69kV subtransmission system. The projects listed 
in Attachment D.l.(f)(2) include the subtransmission planned projects from APS’s 2012- 
2021 Subtransmission Ten Year Plan dated January 2012. O&M costs are not assigned to 
individual projects and are planned as a total projected subtransmission O W  during 
budgeting activities. As new subtransmission facihties are added to the system, they are 
incorporated into normal activities. Subtransmission O&M costs are included with the 
transmission O&M costs provided above. 

Distribution 

APS plans its distribution system on a three-year basis. Because the dynamics of a 
distribution system are so heady dependent on the level and location of electric load growth 
or reduction, forecasting with a high degree of accuracy beyond the three-year time frame is 
difficult and subject to the variations of economic activity. Also, distribution system 
improvements must be made in very small geographic locations so pinpointing exactly where 
the load changes d occur is problematic very far into the future. The forecasted 
expenditures for capital and O&M provided in Table 13 were developed based upon APS’s 
past expenditures and its system coincident peak load forecast for 2012 to 2027. O&M costs 
are not assigned to individual projects and are planned as total projected distribution O&M 
during budgeting activities. As new distribution facilities are added to the system, they are 
incorporated into normal activities per APS’s various processes. The O&M costs shown are 
those associated with the newly added distribution facilities. 
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Rt :dac %ed 

Table 13 - Dishhtion Planned Improvement Expenditures 

RULE D.l(g) 

A I5year resourcepkm, providngfor eachyear @ A n  eqhnation o f  the need for and purpose o f  all 
eqected new or refkdished transmission and dirtrbution facilities] which explanation shall incorporate the 
load-seming entity's most recent transmission pkan jled under A.R.S. JT 40-360.02(A) and any relevant 
provisions o f  the Commission 's most reen t Biennial Transmission Assessment decision regarding the 
adequay of transmission fadties in Ariqona. 

An explanation of the need for and purpose of all expected new or refurbished wansmission 
is provided in Attachments D.l(Q(1) and D.l(Q(2). The need and purpose of distribution 
facilities is discussed in response to D.l(Q above. 

RULE D.101) 

A 15year resource phn, providngfo r eachyear (h) Cost anabses and costpmje&ons, including the cost o f  
compkance wth exihng and expected environmental regulations. 

Cost analyses and projections for the 2012 Resource Plan are provided in Attachment D.lO. 
The cost of existing and expected environmental regulations is embedded within the capital 
and O&M figures. 
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RULE D.2 

Documentation ofthe data, assumptions, and method or modeh used to forecastproduction costs and power 
production for the 15year resoumpkan, including the method by which the forecast was benchmarked 

Production Model 

Data and assumptions related to resource dispatch and O&M costs as well as other system 
assumptions are well documented in response to Rule D.l(a) and D.l(b) above. APS uses 
Ventyx’s PROMOD IV to simulate power production and production costs for the 15-year 
resource plan. PROMOD IV is one of the most widely used production simulation models 
in the United States by electric utilities. It was first developed in the 1970s and has been 
continually enhanced to keep up with utility dispatch methods. Inputs to PROMOD IV 
include hourly load, unit characteristics (including capacity inputs, heat rates, startup energy 
costs, and maintenance), fuel prices, environmental constraints, and transactions (including 
forward products with fixed volume and price, hourly or block options with strike prices, 
purchased dispatchable units, and non-dispatchable resource generation patterns and costs). 
PROMOD IV provides hourly system production costs, unit costs, and operating statistics 
(startups, energy output, runtime, capacity factor, fuel consumption and cost, emissions 
production and cost, and variable and fixed O&M). 

Benchmarks 

APS benchmarks the production simulation against the Company’s budgeting tool, which 
itself is reconuled with actual system operations and production costs on a monthly basis. 
One important difference between resource planning and budgeting is that resource 
planning does not model the interchange market because APS believes that resource 
decisions should not be justified based on market outlook, whch changes significantly from 
one year to the next and over which APS has no control. Decisions are made to optimize 
resources within the Company’s control to serve native load. In real-time, however, APS of 
course takes advantage of market opportunities for the benefit of customers. 

Assumptions 

Data and system assumptions related to resource dlspatch, fuel, and O&M costs are 
thoroughly documented in the response to Rules D.l(a) and D.l(b). Resource capital costs 
are documented in the response to Rule D.3. Financial assumptions and emissions costs 
used to forecast production costs and power production for the 2012 Resource Plan are 
included in Table 14 and Table 15 below. 
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FINANCIAL AND ECONOMIC ASSUMPTIONS - 2012 RESOURCE PLAN 
COST OF CAPITAL After-Tax 

Capital Ratio Cost Rate of Capital of Capital 
Weighted Cost Weighted Cost 

Debt 46.06% 7.25% 3.34% 2.02% 
Equity 53.94% 11 .oo% 5.93% 5.93% 

Totals 1 OOYO 9.27% 7.95% 

AFWDC Rate 9.10% 
Composite Income Tax 39.51% 

DEPRECIATION 

coal 
Nucleai 

BookLife TaxLife 
32 Years 20 Years 
32 Years 15 Years 

Combined Cvcle 32 Years 20 Years 
Combustion Turbine 32 Years 15 Years 
Transmission 50 Years 20 Years 
S o h  20-32.6 Years 5 Years 
Biomass / Wind 20 Years 5 Years 
Geothermal 30 Years 5 Years 

TAX CREDITS 

Sold 
Wind 
Geothermal' 
Biomass2 

ITC PTC Expires 
Expires PTc3 

12/31/2016 N/A N/A 
12/31/2012 2.l$/kWh 12/31/2012 
12/31/2013 2.1$/kWh 12/31 /2013 
12/31 /2013 l.lc/kWh 12/31/2013 

Notes: (1) 30% ITC is re- ced to 10% for geo mal after 12/31/2013 and reverts to 10% for solar after 

(2) Includes landfill gas, municipal solid waste, and open loop biomass. Closed-loop biomass qualifies 

(3) Production tax credit values are for 2010 and are adjusted for inflation each year. 

12/31/2016 

for a 2.lg/kWh PTC. 

Table 14 - Financial and Economic Assunpions 
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,502  Cost 
($/Ton)' YCiU CO2 cost 

($/Metric Ton)2 
2012 
2013 

$2.0 $0.0 

$2.0 . $0.0 
2014 
2015 

$2.0 $0.0 

$2.1 $0.0 

$16.9 
$1 8.2 

2023 $19.5 

2024 $21 .o 
2025 $2.9 $22.6 

2016 
2017 
2018 

$2.1 $0.0 

$2.2 $0.0 

$2.2 $0.0 
2019 
2020 

Table I5 - Emissions Costs 

$2.3 $14.6 
$2.4 $15.7 

RULE D.3 

2026 

A desm$tion of each potential power source that wrx~ yected the c4ital costs, operating costs, and 
maintenance costs of each yected source; and an explanahon ofthe reasonsfor yeding each sourre. 

APS estimated the delivered cost of a broad spectrum of potential power sources, including 
conventional baseload, intermediate, and peaking resources as well as renewable solar, wind, 
geothermal and biomass/biogas resources. A number of those are represented in the 2012 
Resource Plan based on resource need, economics, diversity, and operational characteristics. 
Attachment D.3 includes the description, capital costs, O&M costs, and performance 
characteristics for the resource technologies that were selected to be included in the 2012 
Resource Plan as well as those technologies that were not selected. 

$3.0 $24.3 

Actual power sources wdl be acquired through the competitive procurement process detailed 
in the Action Plan provided in the response to Rule H. Furthermore, actual power sources 
procured may be different than those currently represented in the plan. The reasons that 
some of the resource options listed in Attachment D.3 are not represented in the 2012 
Resource Plan are as follows: 

2027 

APS plans to meet or exceed the RES using a diverse set of renewable resources. 
Renewable resources represented in the 2012 Resource Plan include solar 
photovoltaic, solar thermal (trough with storage), wind, geothermal, and 
biomass/biogas. Though not specifically represented, solar thermal tower 
technologies could potentially become part of the APS resource mix by 2027, 

$3.2 $26.1 
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depending on technology development and the outcome of competitive 
procurement processes. This technology is not currently included due to lack of 
commercial operational experience. 

APS does not plan to construct new coal or nuclear resources during the Planning 
Period. With the downturn in the economy causing a reduction in the load forecast, 
the amount of planned energy efficiency, and the slight net increase of existing coal 
generation resulting from the Four Comers transaction, APS does not expect to 
need new baseload generation during the Planning Period. Therefore, APS has not 
included new coal, integrated gasification combined cycle (IGCC), or new nuclear 
resources in its 2012 Resource Plan. 

Note that while not in the 2012 Resource Plan, nuclear could potentially be part of a carbon 
mitigation strategy. For APS to successfully deploy new nuclear generation, other issues 
would need to be addressed such as cost uncertainty, regulatory treatment, ability to finance, 
impact on credit ratings, fuel storage, etc. 

Attachment D.3 also provides cost and performance estimates for a variety of peaking 
combustion turbines. Because of the peaked nature of APS’s load, as well as the need to 
integrate renewable generation included in the 2012 Resource Plan into the APS system, a 
significant increase in highly flexible peaking resources will be required by 2027. For natural 
gas-fired peaking resources, APS models LMSlOO combustion turbines. They are more 
flexible in their operational characteristics in terms of their ability to quickly start/stop than 
the other natural gas resources considered. Selection of specific natural gas resources will be 
made through competitive procurement processes, and may be different than those 
represented in the plan. 

RULE D.4 

A 15-year forecast of sef generation 
production (megawans) and annual enetgy production (megawan-hours). 

n/stomers of the had-sewing entip, in terns of annual peak 

The 15-year forecast of self generation in terms of annual peak production (MW) is provided 
in Attachment F.9(b) on line 23 of the Loads & Resources table. The forecast of annual 
energy production @Wh) is provided in Attachment C.l (b) on the line labeled “Distributed 
Energy Programs.” 

RULE D.5 

Duagngation of the forecast of subsection (0)(4) into two coqonents, one rt$’ecting the sefgeneration 
pmjected if no additional eforts are made to encourqe sefgeneration, and one reyecting the sefgeneration 
projected to resultjom the had-sewing entip ’s institution of additional forecasted se fgeneration measures. 

In terms of annual peak and energy productions, the self-generation forecast of capacity and 
energy provided in the response to Rule D.4 assumes addltional forecast self-generation 
measures. A disaggregation of this forecast based on an assumption that future incentives 
are discontinued is provided in Table 16. 
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2022 

2023 

2024 

2025 

2026 

2027 

302,125 

353,812 

41 1,873 

2015 448,646 

165 777,454 

196 923,209 

232 1,093,841 

275 1,294,416 

315 1,482,279 

353 1,656,856 

I 2016 I 92 I 426,839 I 
424,117 “%/I 460,612 

2019 484,335 

2020 117 553,133 

I 2021 I 139 I 656,410 I 

Table 16 - Discontinuation Oflncentives: Low Adoption Rate 

A comparison of the low adoption scenario (discontinuation of incentives) to the base case 
forecast of self-generation is illustrated in Figure 37. The low adoption scenario illustrates 
customer adoption rates in an incentive-free marketmeeting or exceedmg the rate 
anticipated where utility incentives still exist within the next five to eight years; however, 
continued high levels of customer participation using third-party-funded leases may 
accelerate this timeframe. This is a result of the expectation of a continued deche in 
photovoltaic system costs during the same time period. This low adoption scenario is based 
upon the best information available to APS at this time; however, the future of DE 
penetration is highly uncertain. Adoption could continue to occur even in the face of 
reduced and/or eliminated incentives due to market conditions and declining PV price 
curves. 

, 
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Impact of Self Generation if Future Incentives are Discontinued 
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Figwre 37 - Sensitivity Analysis of Pmjecfed Levels of Self-Generation 

RULE D.6 

A 15;yearfO~~cast of the annual capiaf costs and operating and maintenance costs of the sefgenenation 
iden@ed under subsections (D)(4) and (D)(,). 

A forecast of total annual customer costs, with and without incentives continuing, that may 
potentially be incurred by customer investments in self generation during the 15-year 
planning period are provided in Table 17.40 

40 Capital costs represent new installations per year. O&M costs include costs incurred for installations that occurred in 
previous years. 
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I I; Base Case I I  Low Adoption Scenario I 
Capital O&M Capital O&M 

Year $M $/Watt $M $/kW-yr $M $/Watt 

Re :dac :ted 

Table 17 - Forecast ofAnnual Self-Generation Costs Incurred by A P S  Customen 

RULE D.7 

Documentation oftbe anahsis oftbe seygeneration under subsections (0) (4) through (6). 

The 2012 Resource Plan reflects data incorporated into the Company’s 2012 RES 
Implementation Plan based on the actual self generation installations and incentive fundmg 
commitments as of July 2011. The estimation of the energy output reflected in this case is 
contingent upon meeting the state-mandated RES rules as set forth in A.A.C. R14-2-1804. 
The low adoption rate scenario estimates the projected level of self-generation if A P S  were 
to discontinue all incentive programs in 2012 through 2027. The development of the low 
adoption scenario was based upon the best information available to APS at the time; 
however, the future of DE penetration is hghly uncertain. Capacity and energy for both 
the renewable energy projected in the APS 2012 Resource Plan along with the scenario 
estimating the low adoption rate are visually represented in the response to Rule D.5. 
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.7 

It is important to,note that while the tax credit assumptions included in this model carry 
considerable weight, that component is not assumed to change from the current plan. 
Federal tax credits for solar are authorized through 2016. 

For each response given to Rules D.4 through D.6, APS assumes “self generation” to be 
solely renewable-based. A P S  does not forecast the penetration of dlesel- or natural gas-fEed 
standby and emergency generation at this time. 

. 

RULE D.8 

A pkan that considers using a wi& range of resources and promotes @e/ and tecbnohgy diversity witbin its 
p07$oLioo. 

The A P S  2012 Resource Plan employs a wide range of resources, both supply and demand 
side, and promotes fuel and technology diversity within the portfolio. On the supply side, 
the plan indudes new renewable resources such as solar photovoltaic, solar thermal, wind, 
and geothermal, new natural gas resources such as combustion turbines and combined 
cycles; a wide variety of energy efficiency measures; and, demand response. The natural gas 
technologies reflect state-of-the-art power plants - new combined cycle resources are 
assumed to employ dry-cooling, and new combustion turbines will be highly efficient and 
operationally very flexible. As illustrated in Figure 38, the 2012 Resource Plan reflects a 
significant increase in resource diversity over the current energy mix. 

2012 Resource Plan - Energy Mix 
120% 

100% 

80% 

20% 0% 1 

23.7% 

38.0% 

2012 

I WNuclear =Coal .Gas m R E + D E  EE 

I 

2027 

F@re 38 - Energy Mix (2012/2027) 

RULE D.9 

A cahkation oftbe benejits ofgeneration using renewabk eneqy resowces. 

The estimated benefits of renewable energy resources (indudmg distributed energy as well as 
energy from renewable contracts and resources) are listed in Table 18. 



2012 INTEGRATED RESOURCE PLAN 

Renewable Energy Benefits 

2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 

TOTAL 

Tota I 
Renewable 

Peak Capacity 
(MW) 
205 
255 
590 
664 
691 
707 
719 
782 
799 
905 
953 
1,019 
1,094 
1,148 
1,179 
1,193 

Tota I Avoided Emissions 
Renewable Avoided Avoided 

Energy Gas Burn c02 SO2 CO NOx PMIO HG Waterusage 
(GWh) (BCF) (Metric Tons) (Tons) (Tons) (Tons) (Tons) (Lbs) (Acre Feet) 
1,586 ' 12 643,446 4 81 73 20 3 1,543 
2,118 16 858,864 5 109 98 27 4 2.060 

3,459 26 1,402,990 8 177 159 4 3 7  3,365 
3,594 27 1,457,545 8 184 166 4 5 7  3,496 
3,674 28 1,490,219 8 189 169 4 6 7  3,574 

3,053 23 1,238,164 7 157 141 3 8 6  2,970 

3,730 28 1,512,926 8 191 172 47 7 3.629 
4,028 30 1,633,854 9 207 186 50 8 3,919 
4,109 31 1,666,808 9 211 189 51 8 3,998 
4,861 37 1,971,529 11 249 224 61 9 4,729 

5,650 43 2,291,748 13 290 260 71 11 5,497 
6,028 46 2,444,939 14 309 278 76 11 5.864 

5,294 40 2,147,079 12 272 244 66 10 5,150 

6,401 48 2,596,151 14 328 295 80 12 6,227 
6,723 51 2,727,027 15 345 310 84 13 6,541 
6,798 51 2,757,121 15 349 313 85 13 6,613 

538 28,840,409 161 3,648 3,277 891 134 69,174 

Table 18 - Renewable Energy Ben$ts 

RULE D.10 

A plan that factors in the dehered cost $all resource options, including costs associated with envtronmental 
compliance, ystem integration, backup c@acig, and transmission dekve?. 

Revenue requirements for the 2012 Resource Plan are shown in Attachment D.10 and 
include the delivered costs of all the resource options as described above. 

The attached revenue requirements reflect the annual revenue level required to supply APS 
customers' energy needs, including: (1) carrylng costs on existing and future generation, 
future transmission over and above APS Ten Year Transmission Plan, and capital 
expenditures on existing generation; (2) fuel costs (commodity and fured transport); (3) 
purchase power costs; (4) operating and maintenance costs for existing and future 
generation; (5) energy efficiency and distributed energy program and incentive costs; and, (6) 
power plant emission costs including SO2 and COZ. Revenue requirements as used in the 
resource plan filing do not include costs associated with existing transmission, existing and 
future distribution, or sales tax on re td  electric sales. 

Environmental compliance costs are embedded within the capital and O&M figures, and 
system integration costs are embedded in the purchased power costs for solar photovoltaic 
and wind technologies. The loads and resources plan factors in backup capacity and those 
costs are induded within the total revenue requirement costs. 

RULE D.ll 

Analysis $integration costs for intermittent resources. 

System integration costs may be incurred by operation of some non-dispatchable resources 
such as wind or solar. Due to their intermittent and/or unpredictable nature, addltional 
operating reserves may need to be carried on the rest of the system to effectively follow APS 
load and meet NERC reliability requirements. System integration costs depend upon many 



2012 INTEGRATED RESOURCE PLAN 

factors, including the accuracy of forecasting the variable generation on a day-ahead and 
hour-ahead basis, real-time fluctuations, penetration levels of the variable resources on the 
utility system, resource mix, and fuel prices of the utility system. Based on a study 
performed by Northern Arizona University under the dlrection of Dr. Tom Acker for the 
APS system, a system integration cost of $3.25/MWh is added to wind.41 Because solar 
generation in Arizona is more predictable than ivind, though still intermittent, APS assumes 
a lower integration cost for solar (without storage) of $2.50/MWh.42 APS wdl reevaluate 
integration costs as renewable penetration increases and more experience is gained in dealing 
with the integration of intermittent or variable generation. 

RULE D.12 

A pkan to inmase the ej%ieng ofthe load-sewing enti0 ’s generation using fossil fuel. 

APS operates and maintains the fleet of generating units to optimize efficiency by balancing 
expenditures with benefits achieved by those expendltures. Opportunities to increase unit 
efficiency are evaluated on a regular basis from both economic justification and 
environmental permitting perspectives. 

APS’s objective is to ensure unit reliability is maintained so that the units are available to 
meet the load demand. O&M and capital expenditures are planned to maximize equipment 
reliability, thus reducing the amount of time the units are unavailable due to equipment 
failures. For baseload units this reduces fuel costs that are incurred during unplanned 
startups and shutdowns. In addition, proper and timely maintenance reduces replacement 
power costs that can be incurred during forced outage events. 

Plant components are maintained with the objective of meeting the original design 
performance specifications. When O&M expendltures to maintain the equipment become 
too high or the component condition is showing signs of degradation that may threaten unit 
reliability, the component will be evaluated for replacement. In these circumstances, the 
component will be evaluated for any changes that can be made that wdl result in improved 
unit efficiency. This evaluation considers environmental permit impacts to ensure 
compliance with regulatory requirements. 

APS also increases the efficiency of its fossil generation fleet by its resource decisions going 
forward. For example, APS expects to increase the efficiency of its coal fleet through the 
execution of the proposed Four Corners transaction. The analysis supporting this 
transaction assumes retiring the three smaller, less efficient units (-10,750 Btu/kWh heat 
rate), and acquiring a greater share of the larger, more efficient units (-9,700 Btu/kWh heat 
rate). With that assumption, APS expects to improve the average heat rate (efficiency) of its 
coal fleet from 10,400 Btu/kWh to 10,000 Btu/kWh. 

As APS adds nav natural gas generation to its system, it considers adding generation that is 
more efficient than previous models. For example, combustion turbines installed in the 
1970s had heat rates of about 14,000 Btu/kWh. Newer models such as those recently 
purchased at Sundance and recently installed at the Yucca Power Plant have heat rates of 
about 9,700 Btu/kWh. By the time APS installs combustion turbines represented in the 
2012 Resource Plan in the second half of this decade, it is likely that the heat rates will be in 

41 APS/NAU Wind Integration Study, 2007. 
42 Western Governors’ Association Generation and Transmission Model Methodology and Assumptions, Version 2.0, June 
2009. 
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the 9,000 Btu/kWh range. Actual models and efficiencies will be determined through a 
competitive procurement process, and will be selected based on cost efficiency. As these 
higher efficiency units are added to the system, they will operate before the older less 
efficient units in the dispatch order, and result in more efficient use of natural gas. 

Another aspect of efficiency applies to water consumption. If APS constructs new 
combined cycle generation as envisioned in the 2012 Resource Plan, the new units will likely 
have about the same heat rates as APS’s recently constructed West Phoenix and Redhawk 
combined cycle generating units, but will use less water. While it is anticipated the new gas 
turbines will be more efficient, the plants will most likely utilize air-cooled condensers as 
opposed to conventional cooling towers. The parasitic load associated with operating air- 
cooled condensers causes a heat rate penalty in summer operating conditions such that the 
net effect is expected to be a heat rate comparable to the most recently installed combined 
cycle plants while using much less water. 

A forecast of the reduction in water intensity measured as gallons per MWh for the 2012 
Resource Plan is included in the response to Rule D.17. Many of the new technologies 
represented in the 2012 Resource Plan consume little to no water. Energy efficiency and 
wind generation consume none, whde solar photovoltaic and future combustion turbines 
wdl have very low consumption rates. 

RULE D.13 

Data to sqbpo& technology choices for sqbp&side resources. 

Data to support technology choices for supply-side resources has been provided in 
Attachment D.3. 

RULE D.l4(a) 

A desmjtion of the demand management programs or measures included in the 15year Tesource plan, 
including for each demand managementprogram or measure: (a) How and when the program or measure will 
be implemented 

Current Programs 

As required by the EE Standard, any proposed DR or EE program must be cost-effective, as 
evaluated by the Societal Cost Test. More details on the Societal Cost Test can be found in 
response to Rule D.l4(e). 

All programs proposed in the Company’s 2012 DSM Plan are proven cost-effective and 
designed to achieve 1.75% of retad annual energy sales (or a cumulative 3.0% from the prior 
year). T h s  is equivalent to approximately 533,000 MWh based on the EE rule, with the 
contribution of demand response programs capped at 10% of energy savings g0als.43 

Within the 2012 DSM Plan, thirteen EE programs and twenty DR programs (includmg 
eighteen rates) were proposed. This included seventeen residential programs and sixteen 
non-residential programs. These programs are detaded in Attachment D.l4(a). 

43 Energy contribution of demand response programs for EE Standard compliance is based on the 2012 DR MW load 
reduction x 8760 hours x 50% load factor. 
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Future Programs 

The Company will continue to evaluate existing and emerging technologies and measures to 
identify cost-effective programs that d deliver annual compliance with EE and DR targets 
and long-term resource planning needs. Because of the rapidly increasing targets, constant 

. evaluation wdl be required. When new, unproven measures or technologies are identified, 
pilots will be crafted and deployed to assist APS in quantifymg the resource potential to 
support future resource planning needs as well as assist in refining the resource cost- 
effectiveness calculations. Through pilots, APS will be able to gather data regarding the 
societal and program costs and benefits that can then be used to more accurately depict the 
program cost-effectiveness and viability. 

Standby generation pilots have been identified for targeted deployment beginning in 2013 
with a total potential deployment of approximately 150 M W  within the fifteen-year resource 
planning horizon. In an effort to support the 2009 Rate Case Settlement requirements to 
deploy 250 M W  of incremental DR, additional near-term pilots may be developed to better 
understand the customer participation requirements, churn rates, and offset per event for 
direct load control and peak events. Additionally, a reevaluation of the cost-effectiveness of 
thermal energy storage technologies in A P S  territory is underway to determine when this will 
become a viable program. 

RULE D.l4(b) 

A description 
including for each demand managementprogram or measure: (b) The projected partijbation level 
clasfor the program or measure. 

the demand management programs or measz/res included in the Isyear mource plan, 
customer 

The projected participation level by customer class for energy efficiency programs and 
measures is extremely dlfficult to quantify due to the characteristics and nature of the 
program in question. For example, for the residential lighting program involving Compact 
Fluorescent Lamp (CFL) bulbs (where APS has sold over 15 million bulbs since the 
program’s inception), measuring the participation level by customer would involve making 
assumptions on the number of bulbs the “average” customer would purchase in a given year. 
As these programs may not exist 15 years into the future, or their components may be 
markedly dlfferent, projecting customer paaicipation is not currently feasible; however, APS 
does estimate the number of measures needed to meet’ its goal for each year on a going- 
forward basis. A projected participation on a measure level is provided at Attachment 
D.14@). 

Projected demand response and time-of-use program participation is forecast at Table 19 
and Table 20. 
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2012 Residential DR Promams 

1. ET-SP Time Advantage Super 

Peak 

2. ET-1 Time Advantage (9.m- 

9Pm) 

3. ECT-1R Combined 

Advantage (9.m-9pm) 

4. ET-2 Time Advantage (Noon 

- 713m) 

5 .  ECT-2 Combined Advantage 

(Noon - 7 ~ m )  

6. ET-EV Experimental Electric 

Vehicle Charging Rate 

Schedule4 

7. Peak Event Pricing45 

8. Peak Time Rebate46 

9. Home Energy Information 

Pilot 

” 
Expected Participants 

2012 I 15 Year Horizon 
600 I 5,000 

157,307 11 724,401 

70,976 1 172,199 

560-630 15,000+ 

5,000 
5,000 
10,000-75,000 

I I 

Table 19 - Expected Residential D R  Program Participation 

44 Range provided is based on low-to-high EV and plug-in hybrid EV (“PHEV”) sales projections. 
45 Customers are included in the parent rate schedule. 
4 Not expected until 2013, when APS anticipates 1,000 participants. Customers included in the parent rate schedule. 
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2012 Non-E 

Time-Differentiated Rates 
1. E-20 

2. E-221-8T 

3. E-32XSTOU 

4. E-32STOU 

5. E-32MTOU 

6. E-32LTOU 

7. E-35 

8. GS-Schools M 

9. GS-Schools L 

10. Interruptible Rate4’ 

11. Peak Solutionsa 

esidential DR Promams 

41 5 I 612 
39 I39 

17 I 30 
I 

0 1 8  

3.000 I o  
Table 20 - Expected Non-Residential DR Program Participation 

* Total participants as of December, 201 1 

As more cost-effective EE measures and technologies are identified and standby generation, 
direct-load control, and thermal energy storage pilots are deployed, additional customer 
participation is expected. These pilots will assist in identifymg long-term customer 
participation and revised customer offsets per event. Updated participation numbers will be 
included in the annual DSM f h g .  

RULE D.l4(c) 

A desmition of the demand management pmgrams or measures included in the 15year resource plan, 
inchdingfar each demand managementpmgram or measure: (c) The eqected change in peak demand and 
energy consumption resultingjom the program or measure. 

Depicted in Table 21 are the capacity and annual energy savings anticipated for 2012 energy 
efficiency programs. As related in response to Rule D.l4(b), projecting a programmatic 
breakdown out 15 years into the future is not currently feasible; however, Attachments 
C.l (a) and C.l(b) provide annual aggregate capacity and energy savings forecasts. 

Projections of future demand response and time-of-use impacts are located in Table 22. 

47 Not expected until 2013, when APS antiapates 3 participants. Customers included in the parent rate schedule. 
48 The underlying contract that supports this program expires at the end of 2024. 
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i 

Consumer Products 13.4 135,000 
Existing Homes 21.4 34.000 

2012 Residential and Non-Residential EE Promams49 

New Construction 
Appliance Recycling 

Low Income 
Conservation Behavior 

Multifamilv 

I Residential I I I 

6 1 1,000 
2.2 15,000 
0.3 2,000 
4.3 31,000 
0.9 6.000 

Shade Trees 
Residential Sub-Total 

Large Existing Facilities 
New Construction 

Small Business 

Non-Residential 

0.5 1,000 
- 48.9 235.000 

21 152,000 
3.9 27,000 
7.2 32.000 

Non-Residential 

Peak Sol~tions5~ 

Standby Generation 

Future Programs 

Time-of-Use Rates52 

Schools I 4.4 I 33,000 
Energv Information Svstem I 0.1 1.000 I 

100 N/A 0 N/A 
0 N/A 150 N/A 
0 N/A 75 N/A 
109 540 212 4,338 

Non-Residential Sub-Total I 36.6 I 245,000 
MI 85.5 480.000 

Table 21 - 2012 Energy Ejficieny Capacio and Energy Contributions 

Future Direct Load Control I o  I N/A I 125 I N/A 

49 Numbers represent peak demand and energy reduction goals for 2012 as described in the APS 2012 DSM 
Implementation Plan filed with the ACC on 6/24/2011. 
50 While demand response programs are not anticipated to provide energy savings, they are allowed to contribute towards 
the EE Standard. Peak Solutions is calculated as contributing 438,000 Mwh in 2012 towards the EE Standard. 
51 Expires prior to the end of the Planning Period. 
52 Demand reductions are estimated for all current residential rates, and energy reduction is estimated only for ET-SP and 
CPP-RES. APS has not at this time completed energy reduction analyses for the remaining residential rates, and has not 
conducted energy or demand reduction analyses for the non-residential rates. 
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8. ShadeTree 

Residential TOTAL: 

Measurements, evaluation and research (ME.R) is a critical process for verification of EE 
program savings and cost effectiveness. Annually, APS contracts with a hd-par ty  
consultant to measure and evaluate the EE programs and provide adjustments to 
calculations and processes that are then included in the Company’s annual DSM 
Implementation Plan filug. The savings represented in the 2012 Resource Plan reflect 
updates from the 201 1 EE programs measurement and evaluation results. 

6 90 1,714 18 501 

490 6,875 130,619 1,389 38,158 

RULE D.l4(d) 

A description of the demand management programs or measures included in the IS-year resource plan, 
including)r each demand managementpmgram or measure: (4 The expected reductions in envimnmental 
iqbacts including air emissions, sokd waste, and water consumption attributable to the program or measure. 

EE programs as well as APS’s non-residential load control and demand response pricing 
programs are all assumed to displace natural gas-fired generation. Because DR programs are 
designed to reduce only the top 1-2% of hours in the year, the impact is very small 
compared to EE programs that would encompass all hours. 

Table 23 provides estimates of 2012 energy efficiency environmental impacts. 

2012 Residential and Non-Residential EE Programs 
Reduction of Environmental Impact 

Residential 

onstructlon 

1 Non-Residential TOTAL: I 1,094 I 15,355 I 291,747 I 3,102 I 85,229 

Table 23 - 2012 E E  Estimated Environmental Impact 
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lbs lbs lbs lbs ons 

2008 0 0 0 0 0 

2009 0 0 0 0 0 

2010 19,401 2 1 0 6,878 

201 1 121,540 13 3 1 43,087 

2012 1,141,223 118 32 6 404,570 

2013 1,141,223 118 32 6 404,570 

2014 1,141,223 118 32 6 404,570 

2015 228,245 24 6 1 80,914 

201 6 0 0 0 0 0 

201 7 0 0 0 0 0 

201 8 0 0 0 0 0 

201 9 0 0 0 0 0 

2020 0 0 0 0 0 

2021 0 0 0 0 0 

2022 0 0 0 0 0 

2023 0 0 0 0 0 

2024 0 0 0 0 0 

Total 3,792,853 391 106 19 1,344,587 
Table 25 - Environmental Impact of Peak Solutions 

The reductions in environmental impact for all existing DR programs are currently being 
evaluated, but are not available at this time. The estimated impacts on air emissions for the 
experimental residential peak event pricing and super peak programs are shown in Table 24. 

2012 Residential Peak Event Pricing and Super Peak Pricing Programs 
Estimated Reduction in Air Emissions 

Table 24 - Estimated Environmental Impact from Select Rates 

Estimated reductions in environmental impacts for APS’s Peak Solutions program are 
shown in Table 25.53 

53 Estimates are only shown through 2015 as the current load forecast does not require the dispatch of this resource after 
that time period. 
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For other potential load reduction programs such as thermal energy storage, standby 
generation, and residential direct load control, the estimated environmental reductions are 
provided in the Demand Response Study.54 

RULE D.l4(e) 

A description $ the demand management programs or measuns included in the IS-year resoume plan, 
includinggfor each demand managementprogram or measure: (e) The expected societal beneJts, societal costs, 
and cost-efectiveness ofthe program or measwe. 

All DSM programs implemented must be proven cost-effective through the societal benefit- 
cost test ( S o .  The SCT is structurally simrlar to the Total Resource Cost Test (TRC) but 
goes beyond the' TRC test in that it attempts to quantify the change in the total resource 
costs to society as a whole rather than to only the service territory (the utility and its 
ratepayers). The main difference between the SCT and TRC tests is the use of a societal 
discount rate and the capability to include the value of other societal benefits such as 
avoided environmental externalities (avoided pollution costs), non-energy benefits, reliability 
benefits, and fuel diversity. 

While EE programs have long-established benefit-cost tests and measures, the real impact of 
load control and demand response pricing programs is the impact to peak capacity 
requirements. These programs behave similarly to a gas-fired generator by meeting the 
utihty's load serving requirements via a reduction in the utility's load rather than by an 
increase in total generation. The 2008 Demand Response Study conducted an analysis of 
various DR programs based on estimated participation levels and the associated costs and 
benefits. 

Table 26 provides details on the societal benefits, societal costs, and cost-effectiveness of the 
existing EE programs. As additional programs and measures are proposed in the 
Company's annual DSM Implementation Plans, the cost-effectiveness of each program will 
have a benefit-cost ratio greater than 1.0, indicating that the programs are net benefits to 
both APS and its customers. 

54 2008 DR Study was filed in Docket Nos. E-01345A-05-0816, E-01345A-05-0826, E-01345A-05-0827 on June 27,2008. 

Qaps I 99  
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52,987 
APS Peak 
Solutions 

72,186 

2012 Residential and Non-Residential EE Programs 

19,198 1.36 

Societal Costs, Benefits and Cost-Effectiveness 

Residential 

1. Consumer Products 37,056 8,161 28,895 
2. Existing Homes 36,020 29,289 6,731 
3. New Construction 21,619 9,570 12,049 
4. Appliance Recycling 4,804 1,426 3,378 

0 5. LowIncome 
2,527 2,527 

Weatherization 

1,048 192 6. Conservation 
1,240 

Behavior Pilot 

1,030 
7. Multi-Family 

Construction 
2,959 1,929 

120,958 35,329 85,629 1. LargeExisting 
Facilities 

4.54 
1.23 
2.26 
3.37 

1 .o 

1.18 

1.53 

2.14 

1.97 

3.42 

3.74 
6.21 
3.78 

6.26 

3.81 
Table 26 - Benefit-Cost Ratiosfor EE Programs 

The societal benefits, societal costs, and cost-effectiveness of future demand response 
programs are currently not known, as those programs have yet to be developed. Time-of- 
Use pricing programs are lnherently designed to be revenue neutral. The societal benefits, 
societal costs, and cost effectiveness of APS's non-residential load management program, 
Peak Solutions, can be found in Table 27. 

A P S  Peak Solutions Program 
Societal Costs. Benefits and Cost-Effectiveness 

Table 27 - APS Peak Solutions Benejit-Cost Ratio 
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1. Consumer Products 
2. Existing. Homes 

RULE D.l4(f) 

5.4 
10.7 

A desmition o f  the demand management programs or measures included in the l5;year resource plan) 
inchdingfor each demand managementprogram or measure: fl The eqected i$ ofthe measure. 

4. Appliance Recycling 
5. Low Income Weatherization 
6 .  Conservation Behavior Pilot 

Demand response pricing programs do not have a “measure.life”; however, the established 
rate plans are expected to be in place throughout the Planning Period. The APS Peak 
Solutions program has been contracted through 2024. Table 28 presents the estimated 
measure life (in years) by EE program. 

6.1 
17.5 
1 .o 

2012 Residential and Non-Residential EE Programs 
Promam and Measure Life 

1. Large Existing Facilities 
2. Nav Construction 

0 
~~ 

Residential Years 1 

13.5 
15.2 

3. Small Business 
4. Schools 
5. Energy Information Systems 

I 3. NewConstruction’ I 19.9 I 

16.3 
14.1 
10.0 

I 7. ~u l t i -~ami lv  Construction I 8.6 I 

RULE D.l4(g) 

A description L# the demand management programs or measures included in the I5;year resource plan) 
including for each demand managementprogram or measure: @ The capital costs, operating costs, and 
maintenance costs ofthe measure, and the program costs. 

The estimated costs for EE programs are included in the Table 29. 
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5. Energy Information Systems 

Non-Residential Program TOTAL: 

2012 Residential and Non-Residential EE Programs55 

3. Small Business 

78 

29,968 

Table 29 - EE Program Costs 

The APS Peak Solutions program is administered through a contract with a third-party 
provider through 2024 that includes both energy and capacity payments. The expected 
program costs through the term of the Peak Solutions contract can be found in the Table 30. 

55 MER costs are an additional $2,500,000; the EE Performance Incentive is an additional $9,550,000. 
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Peak Solutions Promam Costs 

I 2012 I 8,665 I 

Redacted 

Table 30 - Forecasted Costsfor A P S  Peak Solations 

Capital and O&M costs for potential customer load management and generation programs 
such as residential direct load control, thermal energy storage, or standby generation have 
been estimated in the Company’s 2008 Demand Response Study. Once completed, the HE1 
Pilot will assist in quantifpg the expected capital and O&M costs for future residential 
demand response and energy efficiency programs. Addtionally, prior to the launch of the 
proposed standby generation pilot, updated capital and O&M costs wiU be gathered for 
various methods of deployment (e.g., harvesting of existing equipment and deployment of 
new equipment) to determine the most cost-effective program model. 

RULE D.15 

For each demand management measure that was considered but yected (a) A desmption ofthe measure; 
(6) The estimated change in peak demafid and enew consumption f i m  the measure; ($ The estimated 
cost-efectiveness o f  the measure; (4 The cqitaal costsl operating costs and maintenance costs ofthe measure] 
and theprogram casts; and (el The reasonsfor reecting the measure. 

In 2007, APS commissioned an energy efficiency baseline study to review the technical, 
economic, and market potential for hundreds of residential and non-residential EE 
measures. In this study, a specific measure’s energy savings, peak demand savings, resource 
cost, and multiple benefit-cost analyses were performed. APS then took the information 
gained from the baseline study and applied addtional APS-specific data to determine the 
most beneficial programs to pursue from an energy reduction perspective; however, when 
the societal cost test was applied to these measures, the benefit-cost ratio was not greater 
than 1 .O and the measure was rejected. 

Table 31 details the response to rules D.l5(a) through D.l5(d) for the EE measures that 
were considered but rejected. In response to D.l5(e), all of the programs listed were not 
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pursued due to their not passing the SCT requirement. APS will continue to reevaluate 
beneficial measures and propose in subsequent DSM fiLings. 

Residential and Non-Residential EE Programs 

Rule D.15a Rule D.15@) 

Description of the 
Measure 

I I 
~. 

k W  Savings kwh savings 
in peak in energy 

demand (per consumption 
unit) (per unit) 

Residential Clothes Washer 

Tier 1 (existing)56 
0.02 163 

Residential Clothes Washer 

Tier 2 (existin& 
0.03 202 

Residential Clothes Washer 

Residential Clothes Washer 

Residential Clothes Washer 

Tier 3 (existin& 
0.03 232 

Residential Heat Pump 
Water Heaters 

Non-Residential Window 

Films 

1,350 

Residential Clothes Washer 

Adv (proposed) 57 
0.04 

I Non-Residential Gaskets I 0.01 I 104 

280 

1s 

Residential Clothes Washer 

Tier 3 (proposed) 
0.04 

Rule D.l5(c) 

Estimated 
cost- 

effectiveness 
of the 

measure 

( S C T  
Result) 

0.2 

258 

0.4 

0.5 

0.7 

0.7 

0.7 

0.8 

0.9 

0.9 

0.8 

Rule 
D.l5(d) 

Incremental 
Measure 
cost (per 

unit) 

$301.20 

$364.46 

$427.72 

$467.33 

$183.53 

$283.67 

$266.81 

$1,191.62 

$5.00 

$11.50 

Table 3 I - Rqected EE Measures and Programs 

Due to the more limited nature of load reduction and management solutions on the market 
and direction from the Commission, APS conducted the 2008 Demand Response Study that 
reviewed demand response programs that could be implemented and their associated 

56 Existing clothes washer refers to clothes washers that are currently available on the market. 
s7 Proposed clothes washer refers to the next generation of clothes washers that are not commercially-available today. 
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benefits-costs to APS and its customers. To date, no specific DR program has been 
rejected; however, APS developed the HE1 Pilot to further the Company’s understanding of 
residential DR. 

RULE D.16 

Anabsis rffuture fuels@pLies that a7epart oftbe resource phn. 

A thorough and comprehensive fuel supply outlook for the period of 2011-2035 was 
prepared by IHS CERA for APS. IHS CERA’S outlook for the North American gas and 
power sectors encompasses the fundamental technological, environmental, and economic 
factors driving the expectations for natural gas, coal, uranium, renewable energy, emissions 
costs, supply, demand, and prices from 2011 to 2035. In addition to the report providing an 
outlook for North America (48 states and Canada) as a whole, there is also added detad for 
the U.S. Western Region (comprising the Rocky Mountain states and states to the West), and 
the AZNMNV (Arizona-New Mexico-Nevada) power pool region. Based on this research, 
APS does not foresee any fuel supply issues during the Planning Period. A copy of this 
report will be provided upon request to the ACC under a confidentiality agreement. 

RULE D.17 

A plan j%r 7edubng environmental impacts dated to air emissions, solid waste, and other environmental 
factors, andfOr reducing water consumption. 

Overview of Environmental Impacts 

Emissions from fossil fuel-fired electric power generating facilities are highly regulated to 
protect public health and welfare through a myriad of programs administered at the federal, 
state, and local levels. Federal laws also provide for periolc tightening of emission 
reduction requirements as knowledge is gained as to the health impacts of pollutant 
emissions and emission control technologies. 

EPA is currently pursuing an aggressive regulatory agenda with an unprecedented number of 
anticipated new and revised regulations on the horizon. Those regulations wdl likely govern 
byproducts of fossil-fuel combustion to generate electricity, air pollutant emissions, and solid 
and liquid waste discharges. Compliance with these emergmg regulatory requirements d 
pose challenges to APS’s ability to deliver reliable electric services at affordable costs. That 
being said, emissions from APS power plants have been reduced significantly in recent years. 
For example, SO2 emissions have decreased by nearly 60% since 2003 as a result of the 
voluntary installation of additional pollution controls at the Cholla and Four Corners coal- 
fired power plants. APS will continue to proactively plan for and respond to future 
regulatory changes, and will be in full compliance by the deadhnes established by law. 

As part of the overall plan to reduce environmental impacts, APS tiled an application on 
November 22, 2010, proposing to retire Four Comers Units 1-3 and purchase Southern 
California Edison’s share of Units 4 and 5. The proposed transaction would result in 
reduced air emissions (see Figure 39), less solid waste from coal ash, and a reduction in water 
use. If this application is approved and the Company accelerates the retirement of Units 1-3, 
whch are less efficient, the plant’s capacity will be reduced from 2,100 MW to 1,540 MW 
and additional emission controls will be installed on Units 4 and 5, whch are the more 
efficient units. As a result, the plant d burn approximately 2.6 mdhon fewer tons of coal 
each year. 
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ISSW Governing Regulations 
Air Emissions Clean Air Act Regulations 

1. Visibility Protection-Regional Haze PART) 
2. Hazardous Air Pollutants - (MAS) 
3. National Ambient Air Quality Standards (NUQS) 
4. Climate Change and GHG Regulations 

Solid Waste 

Other Factors 

Water 
Consumption initiatives 

Resource Conservation and Recovery Act (RCRA): Coal 

Clean Water Act Regulations: Section 316(b) Cooling Water 

Voluntary APS participation in various state and local 

Combustion Residuals 

Intake Structures 

h 

Four Corners Site Emissions Reduction with Approval of SCE Transaction 

---CARBON- 1m T-m-c)(iER---p- 

Applicable Section 

A 

B 

C 

D 

0% 

-10% 

-20% 

-3096 

-4096 

-5096 

-6096 

-7096 

-8096 

-9096 

MFRCllRY PARTICULATES- DIOXIDE DIOXIDE 

r 
i 

1 
i 

The sections below provide APS's  plans to address each area of reduction and are prefaced 
with an overview of applicable existing and proposed environmental regulations and 
equipment. APS provides descriptions of its plans to comply with potential outcomes of 
those regulatory processes. As more information becomes avadable regarding proposed 
environmental regulations, the potential control technologies and timeframes for installation 
may change. 

A. APS Plan for reducing Air Emissions under Clean Air Act Regulations 

The CAA established numerous regulatory programs to protect public health and the 
environment. APS plants are equipped with all the currently required environmental 
monitoring and control equipment. This section describes a potential plan for using existing 
or additional equipment to reduce air emissions to meet requirements. 
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benefits-costs to APS and its customers. To date, no specific DR program has been 
rejected; however, APS developed the HE1 Pilot to further the Company's understandmg of 
residential DR. 

RULE D.16 

Anabsis oj-futtlre f i e /  supplies that are pa& ofthe resotlrce plan. 

A thorough and comprehensive fuel supply outlook for the period of 2011-2035 was 
prepared by IHS CERA for APS. IHS CERA'S outlook for the North American gas and 
power sectors encompasses the fundamental technological, environmental, and economic 
factors driving the expectations for natural gas, coal, uranium, renewable energy, emissions 
costs, supply, demand, and prices from 201 1 to 2035. In addtion to the report providing an 
outlook for North America (48 states and Canada) as a whole, there is also added detad for 
the U.S. Western Region (comprising the Rocky Mountain states and states to the West), and 
the AZNMNV (Arizona-New Mexico-Nevada) power pool regon. Based on this research, 
APS does not foresee any fuel supply issues during the Planning Period. A copy of this 
report will be provided upon request to the ACC under a confidentiahty agreement. 

RULE D.17 

A plan j r  reducing environmental impacts related to air emissions, solid waste, and other enuimnmental 
factors, a n d j r  reducing water consumption. 

Overview of Environmental Impacts 

Emissions from fossil fuel-fired electric power generating facilities are highly regulated to 
protect public health and welfare through a myriad of programs administered at the federal, 
state, and local levels. Federal laws also provide for periodic tightening of emission 
reduction requirements as knowledge is gamed as to the health impacts of pollutant 
emissions and emission control technologes. 

EPA is currently pursuing an agressive regulatory agenda with an unprecedented number of 
anticipated new and revised regulations on the horizon. Those regulations d likely govern 
byproducts of fossil-fuel combustion to generate electricity, air pollutant emissions, and solid 
and liquid waste discharges. Compliance with these emergmg regulatory requirements will 
pose challenges to APS's ability to deliver reliable electric services at affordable costs. That 
being said, emissions from APS power plants have been reduced sigruficantly in recent years. 
For example, SO2 emissions have decreased by nearly 60% since 2003 as a result of the 
voluntary installation of additional pollution controls at the Cholla and Four Corners coal- 
fired power plants. APS will continue to proactively plan for and respond to future 
regulatory changes, and will be in full compliance by the deadlines established by law. 

As part of the overall plan to reduce environmental impacts, APS filed an application on 
November 22, 2010, proposing to retire Four Corners Units 1-3 and purchase Southern 
California Edtson's share of Units 4 and 5. The proposed transaction would result in 
reduced air emissions (see Figure 39), less solid waste from coal ash, and a reduction in water 
use. If this application is approved and the Company accelerates the retirement of Units 1-3, 
which are less efficient, the plant's capacity will be reduced from 2,100 MW to 1,540 MW 
and additional emission controls wiU be installed on Units 4 and 5, whch are the more 
efficient units. As a result, the plant will burn approximately 2.6 d o n  fewer tons of coal 
each year. 
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Potential Plan for Reducing Air Emissic 

:our Corners (Units 4-51 I I 
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rechnology (BART) ADEQ approved 

existing low NOx 
burners & overfire air; NOx 

EPA may require SCR 
Existing fabric filters & 
scrubbers; Brominated 

ctivated Carbon 
Injection; Unit 2 fabric 
A 

filter installation & 
scrubber upgrade 
planned for 201 4 

Hg, non-Hg 
heavy metals, 

gasses 

lercury and Air Toxics 
Standards (MATS) and acid 

IGS 

3est Available Retrofit 
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rllercury and Air Toxics heavy metals, Modifications TBD by 
Standards (MATS) and acid plant operator (SRP) 
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Assumptions I Notes 
I )  Potential regulations are under development. Technologies and requirements for compliance are 
ubject to change. 

Table 33 - Potential Environmental Regulations Related to  A i r  Qualio 

1. Visibility Protection -- Regional Haze BART 

Background 

The 1977 CAA Section 169(A) established a “national visibdity goal” to eluninate human- 
caused visibility impairment in 156 “Class I Areas” (large National Parks and Wilderness 
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Areas, including the Grand Canyon National Park in Arizona and the Mesa Verde National 
Park in Colorado). EPA was dlrected to issue regulations to make “reasonable progress” 
toward the visibihty goal. During the 1980s and 199Os, the focus of the visibility regulatory 
program was SO2 emissions from western coal-fired power plants and application of BART 
for SO2 and particulate emissions. 

The 1990 CAA Amendments established the Grand Canyon Visibility Transport 
Commission with a charge to assist EPA in developing Regional Haze regulations. Among 
other measures, EPA’s 1999 Regional Haze Rule called for application of BART for SOz, 
PM, and NOx emissions from facilities that were constructed before 1977 and were 
operational after 1962 (designated “BART-eligble” sources). 

Potential impacts on APS Operations (See Table 33) 

Fear Corners Power Plant 

Four Corners consists of 5 units, all BART-eligble. All units are equipped with scrubbers 
removing around 90% of SO2 emissions and older generation ‘‘low NOx burners” (LNBs). 
The smaller Units 1-3 remove particulates with Venturi scrubber systems while Units 4 and 5 
use fabric filters. 

In October 2010 EPA formally proposed a BART Rule for Four Corners. The rule if 
finahzed would require APS to install addtional NOx controls on all five units at the plant 
by 2016 or cease operations. On November 24, 2010, APS submitted a letter to EPA 
proposing an alternative to EPA’s October BART proposal. Specifically, APS proposed to 
close Four Corners Units 1-3 by 2014 and to install post-combustion pollution controls for 
NOx on Units 4 and 5 by the end of 2018, provided that EPA agreed to resolution of other 
related issues. On February 10, 2011, EPA published a Supplemental BART proposal, 
wherein EPA proposed adoption of much of APS’s November 2010 proposal, with revision 
of the NOx emission lunitation for Units 4 and 5 to 0.098 lb/MMBtu, rather than the 0.11 
lb/MMBtu proposed by EPA in October 2010. EPA has not finalized either the October 
2010 or February 2011 BART proposals. 

Cholla Power Plant 

Cholla consists of four units; Units 2, 3, and 4 are BART-eligible units.58 All units are 
equipped with SO2 scrubbers, LNBs, and over-fire air (OFA). Units 3 and 4 have fabric 
filters to control particulates. Unit 2 is planned to be equipped with fabric filters which are 
scheduled to go in service in 2014. The Cholla Power Plant is regulated by the Arizona 
Department of Environmental Quality (ADEQ. ADEQ issued its proposed Regional Haze 
State Implementation Plan (SIP) in November 2010, which concluded the existing controls 
on all units (plus the fabric filter scheduled for Unit 2) constitute BART for all three 
pollutants. EPA has indlcated it may disapprove certain elements of the Cholla BART 
analysis contained in the State’s proposed regional haze implementation plan; however, APS 
believes that the Cholla BART analysis is both technically and legally correct and will 
support the state’s Regional Haze SIP. 

58 Cholla Unit 1 went into service on May 1,1962, which is prior to the August 7,1962 BART eligibility date. 
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Navajo Generating Station 

NGS consists of three identical 750 M W  units whch are all BART-eligible. They are 
equipped with scrubbers to remove 90% of the SO2 emissions, LNBs to reduce NOx 
emissions and high-efficiency electrostatic precipitators (ESPs) to control particulate 
emissions. Similar to Four Corners, EPA required NGS to conduct a BART analysis, except 
that only NOx emissions were the focus of the BART process. EPA wlll address BART at 
NGS in a separate rulemaking, and has indicated that it will not issue a proposed rule until 
the Four Corners BART matter is finalized. 

2. Mercury and Air Toxics Standard (MATS) 

In the 1990 CAA Amendments, Congress established a new program designed to control 
HAPS. The program listed 187 HAPs and du-ected EPA to develop sector-by-sector 
regulatory programs requiring the application of "maximum achievable control technology" 
(MAC") standards - removal efficiency requirements, based on the best-performing control 
technologies avdable - to reduce HAPs emissions. Within the utllity sector, the HAPs issue 
has focused primarily on mercury (Hg) emissions from coal-fired plants. 

EPA signed the fmal MATS rule on December 16, 2011. The rule sets forth MACT 
standards and requirements for reducing mercury and other HAPs emissions from certain 
electric generating units. Under MATS the limit for Hg emissions from existing units was 
established at 1.2lb/triUion BTU. 

Sources wlll have three years to comply with the MATS; however, EPA has endorsed the use 
of authority in the Clean Air Act for state permitting agencies to grant a fourth year to 
comply if needed for the installation of control systems if the source can establish adequate 
justification for the extension. 

Potential Impacts on APS Operations (See Table 33) 

Fottr Corners 

Units 4 and 5 are already equipped with fabric filters and it is expected that they wdl be 
capable of meeting the required h t s  with operational changes only. If these operational 
changes are determined not to be sufficient, brominated active carbon injection may be 
required to ensure APS achieves the limits established in the MATS. Units 1-3 are not 
equipped to control HAP emissions w i t h  the limitations established in the MATS. 
Accordmgly, those units, if not shut down as currently planned, would need to be retrofitted 
with fabric filters and potentially ACI to acheve the limit. 

MATS compliance is required by 201 5, or 2016 if extended for an additional year as allowed 
under the rule. Cholla Units 1, 3 and 4 are equipped with fabric fdters to control Hg and 
APS plans to retrofit Unit 2 with fabric fdters by 2014. Activated carbon will be required. 

Navqo Generatin: Station 

NGS does not have fabric filters on any of its three units; instead, it is equipped with ESPs. 
Salt River Project, the plant operator, has been testing to identify an alternative to reduce 
emissions. 
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3. National Ambient Air Quality Standards (NAAQS) 

The CAA established NAAQS for six pollutants: ozone, NOz, SOz, PM, CO, and, lead. 
These standards are set to protect public health and welfare. SIPS govern how emissions 
from various sources w i h  a geographcal area would be lunited to attain the NAAQS 
levels. Such plans will set maximum allowed emission limits for various sources. The CAA 
also requires EPA to periodically review those standards and adjust the NAAQS levels based 
on the most current scientific data. A discussion of changes to the NAAQS and potential 
impacts of those NAAQS on APS operations is provided below. APS plans to follow the 
implementation of these changes to the NAAQS levels closely and to develop appropriate 
strategies to respond to future requirements as appropriate. 

Impacts on A P S  Operations (None identified at this time) 

Ozone is formed in the air by chemical reactions between its precursors, NOx and volatile 
organic compounds (VOC), in the presence of s d g h t .  Accordingly, regulations to protect 
public health from exposure to ozone are directed at limiting NOx and VOC emissions from 
various sources. 

All APS-owned coal-fired power plants and those gas/oil plants outside the Phoenix metro 
area are located in areas that are currently in attainment for ozone NAAQS. No additional 
NOx controls are planned for those fachties to comply with this standard. 

Two actions are significant relative to the ozone NAAQS and AI'S generation facilities in 
Maricopa and Pinal counties. In 2009 ADEQ recommended the EPA classify portions of 
Maricopa and Pinal counties as non-attainment areas for ozone under the existing standard. 
In addition, the standard for ozone is under regulatory review and may be lowered from the 
existing 0.75 ppm to between 0.6 and 0.7 ppm, as early as 2013. APS believes the EPA will 
act on the ADEQ recommendation in 2012 and require the development of a SIP by 2015. 
Lowering the standard will be analyzed in 2013, and if adopted would worsen the severity of 
the non-attainment classification, potentially impacting the requirements of the SIP; 
however, since the major source of ozone in these areas is predominantly related to 
transportation, APS expects SIP requirements wdl focus on addressing transportation 
sources. While the implementation plan could include additional requirements on generation 
sources located in the non-attainment areas, APS currently has no plans for ad&tional 
emission reductions at this time. 

Recently, EPA tightened the primary SO2 NAAQS by establishing a new 1-hour SOz 
standard. Although all APS coal facihties are currently located in attainment areas, the new 
standard employs a more stringent modeling methodology for determining attainment status. 
New designations should be listed by June 2012. APS has no plans for addtional SO2 
emission reductions; however, if the methodology results in a change in the current 
designation from attainment to non-attainment, additional SOz emission reductions 
measured could be required. 
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Recently, EPA also tightened the NOx NAAQS. Like it did for the SO;! NAAQS, EPA may 
require the use of modeling to demonstrate attainment. The EPA is requiring the states to 
move monitors closer to roadways to pick up more of the motor vehcle NOx emissions 
before determining classifications. The state will submit non-attainmefit designations to 
EPA and SIPS will be required thereafter. It is unclear at this point whether the new NOx 
NAAQS will impact APS. 

PMlO 

The non-attainment area of interest to APS at this time is the Phoenix metro area. Even if 
APS operations are not subject to any emission reduction requirements, there could be 
indirect impacts on APS due to constraints on economic activity and growth in the area. 
EPA is considering tightening this standard in the future. 

PM2.5 

Areas in the vicinity of all A P S  power plants including the Phoenix metro area are currently 
in attainment of the existing PM2.5 standard; however, EPA is in the process of developing 
a more stringent standard, and the Phoenix metro area may be designated non-attainment. 
Should this occur, APS may be required to install additional emission reduction controls; 
however, at h s  time it is not possible to prehct what those requirements would be. The 
Phoenix metro area could be classified as non-attainment based on non-compliance due to 
dust storms and the re-entrainment of particulates deposited from the surroundmg desert. 

4. Climate Change and GHG Regulations 

With respect to electric generating units, the main GHG targeted by the EPA is COz, a 
byproduct of fossil fuel combustion. Man-made COZ emissions in the United States (six 
bilhon tons/year, or about 5% of total COZ emissions) come from mobile sources, power 
generation, and industrial/commercial activities. Roughly 85% of COZ emissions associated 
with power generation come from coal combustion. 

GHGs are air pollutants under the CAA and EPA has made a determination that the mix of 
atmospheric concentrations for six key GHGs threatens the public health and welfare of 
current and future generations (also known as the “endangerment fmdmg”). The 
endangerment finding is being litigated and the outcome of GHG-related regulations and 
their impact on APS operations cannot be predicted. 

APS Plans for Reducing COZ Emissions Rates 

Currently, APS emits about 15.3 million metric tons of CO;! per year. APS estimates that 
electricity sales wdl increase by approximately 55% by 2027; however, under its 2012 
Resource Plan APS anticipates COZ emissions to have a slight increase over current levels, 
but anticipates a reduction in the emission rate of COZ of approximately 26% by 2027 as 
illustrated in Figure 40. The Resource Plan calls for energy efficiency programs, renewable 
energy, and gas-fired generation to be used to meet forecast energy growth, all positively 
impacting the amount of COZ emitted by APS. 
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B. APS Plan for Addressing Resource Conservation and Recovery Act (RCRA) Solid Waste 
Regulations 

Potential Environmental Regulations related to Solid Waste' 
Engineering & Installation 

I Timeframe 

(includes APS'and SCE' 
shares) 

Coal Combustion 
Residuals (CCR) 
(Subtitle D) 

Cholla 

Coal Combustion 
Residuals (CCR) 
(Subtitle D) 

NGS 

Coal Combustion 
Residuals (CCR) 
(Subtitle D) 

1 ) Proposed regulations are under development. Technologies and requirements for 
compliance are subject to change. 

Close lined ash 
impoundment & 
evap. pond; 
construct new 
pond; install liners 

Close lined ash 
impoundment & 
evap. pond; 
construct new 
pond; install liners 

Potential contaminants 
of coal ash disposed in 
surface impoundments 
and landfills 

Potential contaminants 
of coal ash disposed in 
surface impoundments 
and landfills 

Potential contaminants 
of coal ash disposed in 
surface impoundments 
and landfills 

Modifications TBD 
by plant operator 
( S W  

Table 34 - Coal Combustion Residuals 
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In December 2008, a surface impoundment dam at the Tennessee Valley Authority (TVA) 
Kingston Power Plant faded causing d o n s  of gallons of CCRs to spill into the 
surrounding area. CCR is a term used to describe byproducts of coal combustion in electric 
steam generating units and consists primarily of a combination of fly ash, bottom ash, and 
flue-gas desulfurization sludge from the plant's pollution control equipment. 

As a result of the TVA incident, Congress directed EPA to develop a federal regulatory 
program to address management of CCRs under the RCRA. CCR dIsposal is currently 
regulated under state programs, such as the Aquifer Protection Permit program in Arizona. 
After much controversy, EPA issued proposed regulations in June 2010, and sought public 
input and comment on two regulatory proposals - a hazardous waste regulatory approach 
under RCRA Subtitle C, and a non-hazardous solid waste approach under RCRA Subtitle D. 
The public comment period closed November 18,2010, and EPA is expected to issue a final 
rule in 2012. 

APS has assumed Subtitle D requirements (non-hazardous) for the 2012 Resource Plan. The 
following information includes an analysis of the requirements for Subtitle D at Four 
Corners and Cholla power plants. For the Navajo Generating Station, an assessment of 
requirements is being performed by the plant operator, Salt River Project. For informational 
purposes, a hscussion of Subtitle C requirements is included in the response to Rule E(d). 

RCRA Subtitle D Proposal 

Under the RCRA Subtitle D option, EPA would promulgate federal non-hazardous waste 
regulations for the disposal of CCRs. These regulations would be self-implementing for 
CCR disposal facilities, directly enforceable by the states and citizens under RCRA's citizen 
suit provision. The Subtitle D rule would establish a federal floor for all CCR disposal units, 
meaning the individual state programs would have to be at least as stringent as the federal 
program, and could be more stringent. EPA would retain its broad statutory authority to 
take action against any CCR disposal facilities posing an imminent and substantial 
endangerment to human health and the environment. 

To enhance the ability of the states and citizens to ensure compliance with these federal 
regulations, the rule would require faclltties to make available to the public information 
regarding their compliance status. Additionally, because CCRs would be regulated as non- 
hazardous solid wastes under h s  option, the stigma associated with classifying CCRs as 
hazardous waste would not be present and, therefore, beneficial reuse would not be 
negatively impacted.59 

Potential Impacts on APS Operations (See Table 34) 

While regulation of CCRs under EPA's proposed Subtitle D option would impose additional 
costs on power plant operations, the program would offer much more flexibility than under 
RCRA's hazardous waste regulations. Rather than impacting many aspects of power plant 
operations at APS's Cholla and Four Corners power plants, Subtitle D regulations would 
primarily impact the CCR disposal units. Under this proposal, within five years from the 
effective date of the rule, APS would be required to either retrofit its existing surface 
impoundments with liners designed to meet required performance standards or close these 

59 Currently, over 43% (250 million tons) of CCRs are beneficially used in applications such as manufacture of cement and 
concrete used in buildings, bridges, dams, and highways. 
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facilities and either build new lined surface impoundments or convert to dry handling and 
disposal of CCRs in engineered landfills. 

Clean Water Act - Section 
316@) - Cooling Water Intake N/A N/A 
Structures 

NGS 

C. Other Issues: Clean Water Act - Section 316(b) - Cooling Water Intake Structures 
A plan for complying with potential regulations related to water is outlined in Table 35. 

Potential Environmental Regulations for Clean Water Act 

Engineering & 
Installation 

I Tim .-frame - ___. - - - . - 

institute other site-specific 

120 change. 
Table 35 - Potential Environmental Regulations for Cooling Water Intake Structures 

Section 316@) of the Clean Water Act (CWA) regulates the location, design, construction, 
and capacity of cooling water intake structures at electric generating fachties. Section 316@) 
requires cooling water intake structures that withdraw water from a “water of the U.S.” to 
reflect the best technology available for minimizing adverse environmental impacts. Adverse 
environmental impacts include the impingement and entrainment of aquatic organisms (e.g., 
fish) at the cooling water intake structures. 

There are two major types of cooling systems at steam electric generating plants. In a once- 
through system, water is withdrawn from a water body (a lake, river, or the ocean), used in 
the cooling cycle, and then returned to the water body from whch it was withdrawn, at a 
slightly higher temperature. In a closed-cycle cooling system using cooling towers, water is 
circulated inside the tower to cool through evaporation, resulting in loss of water. 

In 2004 EPA promulgated a Section 316@) Phase I1 rule which established national 
standards for cooling water intake structures at existing steam electric generating facilities. 
Then, in 2006, EPA promulgated a Phase I11 rule whch regulated new facilities and facilities 
with lower design flows. The Phase I1 and I11 rules were challenged in court and ultimately 
remanded to EPA for further consideration. Currently, EPA is engaged in a new Section 



2012 INTEGRATED RESOURCE PLAN 

316@) Phase I1 and Phase I11 rulemaking process, and a final version of the rule is expected 
to be released inJuly 2012. 

EPA believes that changing from a once-through cooling system to cooling towers would be 
more protective of fish populations than other types of technologies, and may be 
considering “one-size-fits-all” rules requiring closed-cycle cooling systems rather than once- 
through coohg  systems. 

Potential Impacts on APS Operations (See Table 35) 

The Four Corners Power Plant has two points of cooling water intake from water bodes 
that are classified waters of the US., and therefore is regulated under Section 316@). These 
intakes are in Morgan Lake (tied duectly to the generating units) and in the San Juan River, 
whch supplies water to Morgan Lake. The Cholla Power Plant draws its cooling water from 
Cholla Reservoir, which is not a listed water of the US. Therefore, Cholla is not regulated 
under Section 316@). 

NGS’s intake source for cooling water is Lake Powell, a body of water formed by a dammed 
portion of the Colorado River - a water of the US. 

APS submitted comments to EPA dscussing why APS believes the cooling water system at 
Four Corners should be classified as a closed-cycle system, and asking EPA to make such a 
determination. To date EPA has not responded to APS’s request. APS plans to follow-up 
with EPA and request a final determination. If successful and EPA agrees that Four 
Corners is a closed-cycle cooling system, the impacts of the Section 316@) rulemaking wiU 
be substantially reduced. If the APS argument is not successful, the rule could potentially 
require APS to install cooling towers at Four Corners. 

A proposed rule was issued in April 2011, with a final rule to be completed by July 2012. 
Depending on what EPA determines to be the best technology avadable, the impacts to 
Four Corners could result in increased capital, operating and maintenance costs. APS 
commented on EPA’s proposed rule and will continue to follow this rulemakmg closely. 

D. Reduction in Water Consumption Rate 

Water is used for power generation primarily to cool the steam-cycle by removing waste 
heat. It is also used for power augmentation, emissions control, auxiliary cooling, supporting 
chemical treatment processes, domestic purposes, and for other miscellaneous plant uses. 
APS manages water resources using a multi-layered approach to reduce water intensity. 
APS’s plan for reducing water consumption includes the following actions: 

1. 
2. 
3. 
4. 

Employment of alternative cooling technologies for new generating resources; 
Retirement of Four Corners Units 1-3; 
Improve the efficiency of water uuhzation at APS’s existing facilities; and, 
Increase the reliance on energy efficiency and renewable energy resources. 

Employment of Alternative Cooling Technologies for New Resources 

For new facilities, APS evaluates alternative cooling technologies, water sources, and 
operating strategies in the best interests of the state, environment, and customers on a case- 
by-case basis; however, the use of alternative water supplies such as effluent and alternative 
cooling technologies to reduce potable water usage comes with an addtional cost in terms of 
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capital investment and operations and maintenance costs, and may have an impact on unit 
efficiency. The factors influencing these decisions are diverse, including location, generator 
type, and renewable and alternative water availability. APS is developing a water .supply 
portfolio that will provide a reliable mix of traditional, renewable, and reclaimed sources, 
minimizing where possible usage of groundwater and other potable water sources in favor of 
more sustainable resources. This approach is aimed at providing secure water supplies for 
power generation while fostering responsible water use. 

Even though energy sales are forecast to significantly increase by approximately 55% during 
the Planning Period, water consumption wdl only have a minimal increase; in addition, due 
to the energy efficiency and renewable energy resources envisioned in the 2012 Resource 
Plan, the rate of water usage d e h e s  dramatically over the course of the Planning Period. 
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Figure 4 1 - Forecast qf Water ConsINnption and Intensio 

When new power plant generating unit options are being evaluated, the water consumption 
rates for each technology option are considered and evaluated. The most significant water- 
saving device that can be installed on new power plants with steam turbines is air-cooled 
condensers in lieu of conventional wet-cooling towers. Technology for new dry-cooled 
combined cycle plants is estimated to use 7 gallons/MWh as compared to wet-cooled 
combined cycle plants such as Redhawk, which uses 317 gallons/MWh. APS contracted the 
services of a third-party archtect-engmeer which estimated the equipment cost for an air- 
cooled condenser to be about $40 million based on a nominal 600 Mw combined cycle 
power plant installed in the Arizona desert. 

To reduce water consumption, APS's future cost estimates and performance projections 
assume dry cooling for newly constructed combined cycle generating units. Reduced water 
consumption, however, comes at the cost of reduced unit output, higher fuel consumption, 
and hgher capital costs. The additional costs for combined cycle air-cooled condensers 
have been included in the 201 2 Resource Plan. 



2012 INTEGRATED RESOURCE PLAN 

APS also evaluates uallzing hybrid cooling technology at future thermal plants to reduce 
water consumption. Utilizing hybrid cooling technology at future thermal generating plants 
can come with tradeoffs. The actual tradeoffs for hybrid cooling technology are dependent 
on the supply of water available. The dry portion of the hybrid system would be sized to 
achieve a certain level of water savings, primarily achieved during the cooler months. An 
informal estimate provided by an architect-engineering firm has projected that the use of 
hybrid cooling technology could result in an increase in total project capital costs of up to 
15%. 

Retirement of Four Corners Units 1-3 

In addition to evaluating alternative cooling technologies, there will also be M e r  
reductions in regional water consumption through the contemplated retirement of Four 
Comers Units 1-3. These units consume approximately 25,000 acre-feet annually. Even 
though A P S  has proposed to replace this retired generation with added capacity from Units 
4 and 5, the region will sdl benefit through reduced water consumption. 

Improving the Efficiency of Water Use at Existing Facilities 

APS manages water resources using a multi-layered approach to reduce water intensity. One 
approach has been to pursue projects targeted to improve the efficiency of water utilization 
at APS’s existing plants. A primary example is PVNGS, which not only uses reclaimed 
wastewater effluent for its water source but has focused on continual improvement in water 
treatment and operations to achieve over 25 cycles of concentration (on average) through 
the cooling water system. Redhawk, the newest combined cycle facility, also operates its 
cooling system on reclaimed water, achieving similar levels of efficiency. In 2010,63% of all 
water used by APS was reclaimed water. 

When considermg water use and water efficiencies at power plants, APS considers not only 
the cost of projects, but also the potential impacts on society and the local environment 
Understanding local and regional water use and trends is important to this decision-making. 
With that in mind, in 2009, APS formed a Water Resources Department, consolidatlng many 
existing water-oriented functions and experience into a centralized, enterprise-wide function. 
The vision of this department is “to secure a sustainable and cost-effective supply of water 
to enable reliable energy production for APS customers”. A primary initiative of the Water 
Resources Department is to create a decision modelmg center, consisting of a powerful 
database and computing infiastructure to allow modeling of groundwater supplies, surface 
water avadability, and the characteristics of other water sources in conjunction with a variety 
of long-term energy production forecasts. By utilizing this quantitative approach in 
conjunction with geographic information systems, analysts and stakeholders can interactively 
examine and contextualize the impacts of various decisions and scenarios. 

APS has also become more integrated into the Arizona water community. Participation in 
the Amona Department of Water Resources’ (ADWR) Water Resources Development 
Commission and in the Central Arizona Project’s Acquisition, Development and Delivery 
Water program are two examples of activities where involvement is enabling improved 
communication with other water stakeholders, includmg regulators, municipahties, 
agricultural users, and other industries. As of late 201 1, APS is now a representative on the 
Phoenix Active Management Area’s (AMA) Groundwater Users Advisory Cound (GUAC). 
This council makes recommendations to ADWR’s Phoenix AMA Director on groundwater 
management and policy in the AMA. The Phoenix GUAC will be the primary mechanism 
for public comment and review during ADWR’s development of the Phoenix AMA’s Fourth 

I117 
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Management Plan, which wiU be completed in the summer of 2013. 'Rus  integration into the 
broader water community has opened communication and facilitated partnering 
opportunities for the future. 

Energy Efficiency and Renewable Energy Resources 

DSM programs and renewable energy resources predominantly consume little or no water. 
The expansion of these programs in the 2012 Resource Plan contributes to a reduction in 
water consumption per MWh over the Planning Period. 

Additional information regarding APS's efforts in reducing water usage can be found at 
Appendur B. 
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RESPONSE TO RULES: SECTION E - RISK 

Resource Planning Rule A.A.C. R14-2-703 sets forth the reporting requirements for a load- 
serving ,entity. The following items provide responses to section R14-2-703(E), which 
specifically requires information related to risk analysis and mitigation. 

RULE E.l(a) 

Anabses to identaa and asess mrs, risks, and uncertainties in thefolhmng, coqbhted using methods such 
as sensitivig anahsis andpmbabihtic anahsis: (a) demandfomcasts. 

The risks involved with developing a demand forecast involve uncertainties related to: (1) 
customer growth; (2) electricity usage; and, (3) weather. Table 36 illustrates a probabilistic 
analysis used to identify and analyze the risks. 

A P S  System Peak Demand Forecast (F'robabilistic Analysis) 

Table 36 - Probabilistic Ana4.ri.c Of Peak Demand Forecast 

RULE E.2(a) 

A descnption and anabsis af avaikable meansfor managing the emrs, ?ish, and uncertainties idenhied and 
anabqed in subsection @)(I), such as obtaining addtional infomation, limiting risk eqosum, using 
incentives, mating additional options, incotporatingJexi%ikty, and pa&ca$ating in regional generation and 
transmission pmjects: (a) demandforecatJ. 

A probabllistic analysis can be used to understand risk by providing a range of demand 
scenarios consistent with historical variations that APS has seen in customer growth, 
electricity consumption, and weather. Levels of demand can be illustrated by usmg 
percentiles ranging from 10% to 90%. The 10th percentile represents the likehhood of a 
lower demand outcome which would minimize the costs associated with procuring 
additional resources but contains a risk of not building a sufficient amount of resources if 
the actual demand exceeded the forecast. At the other end of the spectrum is the 90th 
percentile, a scenario with a higher demand outcome than is currently planned for and 
greater costs for procuring additional resources, which carries the risk of building too many 
resources than what might be needed if the actual demand was less than the forecast. 
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In the near term, weather presents the greatest risk to the forecast. Peak demand typically 
occurs during July or August when temperatures can reach 114'F. In the last ten years, the 
temperature on peak day has been as high as 118OF. The 90th percentile is 116°F. 
Temperatures 2°F above the forecast of 114OF can add nearly 200 MW to peak. The second 
largest source of variation in the forecast is due to volatihty in load factor. Historically the 
summer load factor has been in the range of 64% to 68%. For every 1 percentage point 
decrease in load factor, peak increases by about 100 MW. In the last 10 years, the 90th 
percentile load factor is 1.5% lower than the current forecast. 

Due to the current economic environment there is uncertainty in the mid-term outlook for 
peak demand growth. Both residential and commercial vacancies are at record levels, posing 
additional risk to the forecast. In a more typical period, growth in peak demand would be 
preceded by construction activity and building permits. In the current environment of high 
vacancies, there can be growth in peak demand without new construction. In APS's service 
territory in metro Phoenix, there are an estimated 30,000 excess vacant housing units, 
representing about 100 Mw of potential growth in demand. The forecast assumes those 
excess housing units are absorbed over the next few years, but a faster-than-forecast rate of 
absorption is a potential risk. Due to the recession, commercial and industrial (C&I< 3Mw 
demand) usage has decreased over 6.4% since 2008 and office vacancy rates are above 20% 
in metro Phoenix. The forecast assumes that C&I usage remains below 2008 levels. If C&I 
usage grows faster than forecast and returns to 2008 levels, peak demand could be higher by 
90 MW. 

Customer growth and changes in use per customer are the most important long-term risks to 
the demand forecast. Population growth, business investment, and new technology 
development over the next 15 years could be quite different from the assumptions in the 
current forecast. The current forecast assumes a compound annual growth rate in residential 
customers of 2.7%. If residential growth averages 0.5% percentage points higher, then peak 
demand would be about 400 MW hgher than forecast in 2027. 

Methods for managing these risks and uncertainties include utilizing resource options that 
have relatively shorter development lead times. Shorter development lead times allow 
utihties to respond quickly to changes in demand scenarios. Also, timely updates to the 
forecast with new information help ensure forecasts remain current. Lastly, having access to 
liquid wholesale power market trading hubs allows utihties to either buy or sell energy as 
needed to balance energy demands with resources. 

RULE E.3(a) 

A plan to manage the errors, t ish,  and tlncertanties identiJd and anabxed in stlbsection @)(I): (a) 
demandjrecasts. 

APS manages demand forecast risk using three key methods. The APS 2012 Resource Plan 
envisions short-lead-time resources such as solar PV and natural gas combustion turbines. 
The development time for these resource types can be anywhere from one to five years. 
Utilizing short-lead-time resources allows APS to respond quickly as demand scenarios 
change. APS also carries a 15% reserve margin of additional capacity, over the amount of 
demand actually forecast, to be available should customer demand exceed expectations or 
generating units not perform as designed. Furthermore, APS benefits from transmission 
access to the Palo Verde wholesale tradmg hub. Because there are many wholesale market 
participants with access to Palo Verde, APS buys and sells capacity as needed to balance 
demand with resources. 
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RULE E.1@) 

fisk Identilicllfion: (b) the costs of demand management measures andpowet s@p&. 

Demand Management Measures 

Within the DSM market, the cost trajectory will vary depending on the program or measure, 
and timing. It is expected that as a whole, the cost per unit of energy saved through EE 
programs and measures will increase over time; the rate at which it increases will vary 
depending on technical developments, progression of building codes and appliance 
standards, persistence of behavioral changes after incentives disappear, and overall market 
penetration. That said, as future EE programs are designed and proposed, cost-effectiveness 
must still be proven, which will likely change the landscape of future EE measures as the 
"low-hanging fruit" with shorter measure lives (e.g., CFLs) are replaced by the next- 
generation, more efficient products (e.g., LEDs). 

As with EE measures, the cost volatility of load management and demand response 
solutions continues to be an identified risk, though they are forecast to have an overall 
downward trajectory over the Planning Period. Costs will be largely influenced by 
development of new communication standards, increased technical efficiencies, and 
environmental considerations. 

Home-area networks and distribution system communications are an emergmg sector w i h  
the demand response arena. Communication standards and protocols are being developed 
to ensure seamless communication between uuhties and load behind the customer meter. 
As these specifications mature, networks and consumer products will need to be updated to 
ensure compatibility and functionality, and will require financial investments from the utility 
and the customer. In the near-term of the Planning Period, udities may experience an 
increase in IT costs, though the identified system efficiencies and customer services gained 
are expected to be positive investments from a finance, customer, and techcal perspective. 
These investments can provide an IT backbone to help improve reliability, decrease outage 
and response time, and provide tailored energy management solutions for customers. 

Other customer load response resources, such as standby generation, have demonstrated a 
downward trend in equipment and integration costs which has ultimately led to APS 
pursuing a standby generation pilot in 2013. The costs for new generators and harvesting 
existing generators have trended downward despite increased emission regulations and fuel 
costs. Harvesting is when APS works with customers who have existing on-site standby 
generators (e.g., hospitals for emergency back-up) that can be paralleled to the grid so that 
APS can have access to the generators in times of peak demand and the generators are not in 
use by the customer. In return for granting APS permission to take control of the generator 
during peak events, customers can receive O W ,  fuel, or other financial incentives from 
APS. When harvestmg generators, APS would retrofit the technologies as necessary to 
ensure compliance with current emissions regulations. 

Power Supply 

Analyses to identify risks and uncertainties of the costs of power supply are addressed in 
subsequent sections according to the source of cost uncertainty such as construction cost 
and fuel cost. 
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RULE E.2(b) 

Risk Anabsis: (3) the costs $demand management measures andpower s@p& 

Demand Management Measures 

APS has modeled a plus and minus 30% cost s w i n g  to create high and low EE cost 
sensitivities to illustrate the impact of future compliance cost risk over the planning horizon. 
In the first few years of the Planning Period, APS did not apply tlvs variability as those costs 
are relatively well known and are based on the 2012 DSM Implementation Plan filing. The 
results of the analysis are provided in Attachment F.l(c). 

Annually, on-going analyses d be performed to ensure that proposed and existing DSM 
programs are cost-effective and advantageous for APS and its customers. 

Power Supply 

Methods to manage the risks and uncertainties of the costs of power supply are addressed in 
subsequent sections according to the source of cost uncertainty such as construction cost 
and fuel cost. 

RULE E.3(b) 

Risk Mitigation Phn: (3) the costs of demand management measures andpower 

Demand Management Measures 

Embedded within the EE Standard is the cost-effectiveness requirement which acts as a 
mechanism to ensure that all DSM programs that are implemented provide a net benefit to 
APS and its customers. Annually, APS seeks to manage EE program costs by exploring 
innovative incentive models, creating additional technology options, and conducting MER 
on the programs. 

Due to the varied nature of load management and demand response solutions, cost volatility 
can be more closely managed by strategically timing deployment of resources and 
diversifymg procurement methods. The APS Peak Solutions program is managed through a 
long-term contract (through 2024) that has f=ed energy and capacity payments through the 
term of the agreement. Customer load response solutions, such as standby generation, offer 
options to harvest existing equipment or deploy new, utility-owned assets, which have 
different economic benefits that APS can capitalize on. 

Addtionally, time-differentiated rate schedules and tariffs are eligible to be re-filed as 
necessary to assist in managmg customer and Company impact. APS will have the 
opportunity to revisit these rates in the annual DSM Implementation Plan filings or through 
rate cases. 

Power Supply 

To mitigate the risks associated with the costs of power supply, APS optimizes the use of its 
resources to serve native load in the most economical manner possible, while maintaining 
grid reliability. The process b e p s  by forecasting the load on a day-ahead basis. The load 
forecast is entered into a unit commitment and dispatch model (PCI 
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GenTrader@/GenPortal@) that determines the most economic unit commitment plan for 
serving load, taking into account generating unit capabilities, intermittent resource 
production forecasts (wind/solar), fuel prices, and transmission constraints. This 
commitment plan shows the units to be committed each hour, their projected loading level, 
and the quantity of natural gas to be scheduled. As part of the process, the model calculates 
prices for blocks of energy to help determine if it would be cheaper to buy power from the 
market rather than running generating units. 

Primary elements of risk for real-time operations include loss of a generator or resource, and 
actual deviations from the load forecast. A minimum margin is built into transactions to 
account for unexpected risk factors. If there should be an unforeseen event, the model can 
be adjusted in real-time, which would in turn adjust the base cost/base value for future 
transactions. 

APS also has access to the Palo Verde Hub, a major trading point in the Western 
Interconnection that provides access to a multitude of resources. 

A risk-mitigation plan for the long-term cost'of power supply includes strategies such as 
developing hedge programs to mitigate the volatility associated with natural gas prices and 
establishing long-term fuel agreements for coal and nuclear, as well as having a diversified 
podolio of resources. 

RULE E.l(c) 

Risk Iden@cation: (4 the ava'kabibg ofsources ofpoowc. 

Risks involved in the availability of sources of power include the availability of the supply 
resource itself, availability of new generation equipment, timing of construction schedules, 
availability of credit-worthy counterparties, the commercial viability of certain technologies, 
and the availability of adequate transmission capacity to move the power to the load center 
where it is needed. 

RULE E.2(c) 

Risk Ana@: (4 the avajkabibg ofsources ofpower. 

One of the key risks that APS addresses on a daily basis is the potential of reduced 
generating availability and outages in the fleet of existing supply resources. This risk of an 
equipment or plant malfunction and unplanned shutdown is present on a continuous basis 
but is generally minimized through high standards in plant maintenance and operations. In 
addition, APS plant designs incorporate a reasonable level of redundancy at the equipment 
level so that single failures do not generally result in plant outages. 

Providing for an allowance in the timing of construction schedules for planned generation is 
one way the construction schedule risk can be mitigated. When planning for summer peak 
resource requirements, an allowance can be made for the level of capacity a particular 
resource is allowed to contribute toward meeting that summer peak demand. For projects 
that are anticipated to reach commercial operation during the summer period of June - 
September, a risk-reducing strategy may be to not rely upon those projects' capacity for 
meeting that particular summer peak. In this way, construction schedule risk is mitigated. 
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Having additional resources available is another means of managing risk in the avadability of 
sources of power. Udities carry capacity reserve margins (excess resource capacity) in the 
event of resources being unavailable or customer demand being higher than anticipated. 
Capacity reserve margins are an effective means to help ensure sufficient power sources are 
available when needed. 

Following robust procurement practices is another way to mitigate risk of availability of 
sources of power. Soliciting bids from a large number of third-party developers allows the 
Company to select projects that are more likely to be completed on time. Developers often 
may already own property, have permits in place, and have good queue positions for 
equipment. 

When procuring energy from tlwd-party vendors, an analysis of vendor cre&t q d t y  is 
crucial to the success of a transaction. Poor credit quality or the inability of a vendor to 
obtain cost-effective and timely financing for their project will, in most circumstances, 
exclude that vendor from being considered. A thorough analysis of vendor cre&t quality 
helps mitigate these impacts. 

Consideration of a wide range of technologies increases resource diversity and reduces 
technology performance risk. Being overly dependent on a single technology or depending 
on technologies that have yet to be proven in commercial applications may increase 
performance risk. 

One of the single best, and most simple, means of managing risk in sources of power is 
resource dversity (i.e., not being overly reliant on one fuel source). Udtties with &verse 
sources of power supply are situated better when unforeseen problems emerge because they 
have other alternative sources of power to rely upon. 

To optimize the economic alternatives of running generating units versus procuring energy 
from the market, having transmission access to liquid trading hubs is another means of 
helping to ensure avdabdity of sources of power. 

RULE E.3(c) 

Risk Mitigation Plan: (4 the availabihj o f  sources ofpower. 

Existing plant availabhty is maintained at very high levels through the application of 
effective preventative and predictive equipment maintenance. APS maintains an operational 
staff which is capable and highly trained. Programs are in place which promote the capture 
of data and evaluation of equipment failures and operational incidents to help prevent 
recurrence and reduce the risk of unexpected outages. 

APS mitigates risk due to the timing of construction schedules by not includmg those 
projects’ capacity as contributing toward meeting summer peak demand when their initial 
commercial operation date is anticipated to be during the summer (June - September). By 
mitigating construction schedule risk in this manner, system reliability is not compromised if 
projects are delayed. 

As described in response to Rules E.l(a) - E.3(a), APS carries a 15% capacity reserve 
requirement that helps ensure sufficient power sources are available. APS’s capacity reserve 
requirement for 2012 is 999 M W ,  as shown on line 4 of Attachment F.9@). 
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The Company also mitigates risk by engaging in best practice procurement procedures. 
Whether APS slgns a purchase power agreement, purchases an existing asset, or constructs 
new generation, the best projects are identified through broad market participation. 

APS employs credit risk management practices that ensure the creditworthiness of all 
counteiparties in energy procurement transactions has been thoroughly analyzed prior to 
making a transaction. In addition to determining the credit quality of potential 
counterparties, A P S  also may require a letter of credit, guarantee, or some other form of 
acceptable collateral prior to completing a transaction. In this manner, if a counterparty 
were to default on their contractual obligations, AF'S could retain the collateral of the 
defaulting counterparty to help offset any damages APS may have incurred as a result of the 
counterparty default. 

APS employs a wide range of resources and is not overly dependent on any one specific 
resource, as illustrated by the diversity of the supply-side resources included in the 2012 
Resource Plan. APS limits risk exposure by considering only sources of power reasonably 
believed to be commercially available within the planning time frame. 

APS has taken steps to promote a contingency planning process that is designed to identify 
uncertainties in the existing resource plan and develop options for new resources and 
transmission capacity, which can be implemented in the identified timeframes. These 
options are intended to be executable compensatory measures in the event of failure of 
specific elements of the Current resource plan. 

In terms of renewable energy, the 2012 Resource Plan includes solar thermal, solar 
photovoltaic, wind, geothermal, biogas, and biomass. By considering commercially available 
resources such as those mentioned, APS mitigates technology performance risk. 

To meet the new natural gas generation needs identified in APS 2012 Resource Plan, APS 
could choose to contract with or purchase available merchant generation, or construct new 
combustion turbines or combined cycle units. There are currently four merchant generators 
located near the Palo Verde hub with a total of about 5,000 M W  of capacity.@ This 
merchant capacity could potentially fill some of the natural gas generation needs identified in 
the 2012 Resource Plan by 2027. When APS chooses to construct new capacity, it is 
anticipated that there will be many manufacturers and many technology options to choose 
from, along with sufficient availability of new equipment. 

Through its ownership interest in PVNGS, APS benefits from transmission access to the 
wholesale power market at the Palo Verde hub. Many market participants, as well as 
merchant generators, buy and sell wholesale power at the Palo Verde hub making access to 
that facility one of the means APS uses to manage the risk of power source availability. 

RULE E.l(d) 

Risk Identifitation: (4 the costs qf compliance with exiFtng and expected envimnmental reguhtions. 

EPA is currently in various stages of promulgating environmental regulations which are 
expected to impact APS. Factors that will impact future costs of compliance include: 

APS has two purchase power agreements from these generators that will be expiring during the Planning Period. 

I125 



2012 INTEGRATED RESOURCE PLAN 

Capital and O&M costs pertaining to existing regulations are subject to cost 
increases triggered by inflation and/or h t e d  supply; 

Existing regulations may change during the Planning Period; 

The requirements to comply with many of the proposed regulations have not 
been finalized so it is difficult to esijmate precise costs of unknown regulations; 
and, 
New technology may be required to acheve compliance with proposed 
regulations and the cost of the new technology may be unknown. 

0 

0 

0 

APS monitors the regulatory landscape as potential environmental regulations evolve and 
become better defined. Throughout this process, APS environmental engineers develop 
refined cost analyses using scenarios containing a range of potential technology requirements 
to forecast the cost of possible outcomes. 

Analysis of RCRA Subtitle C Proposal 

Proposed regulations for RCRA include two different scenarios - Subtitle C (hazardous) and 
Subtitle D (non-hazardous). For planning purposes, APS has assumed Subtitle D will be the 
final ruling and has included cost estimates in the 2012 Resource Plan for Four Corners and 
Cholla. To manage the uncertainty of the cost of compliance, APS has also evaluated the 
requirements under proposed Subtitle C regulations. While the requirements for Subtitle D 
were dscussed in the response to Rule D.17, an analysis is provided below of the potential 
impacts based upon proposed compliance requirements for Subtitle C. 

Under the Subtitle C option, EPA is proposing to regulate CCRs as a hazardous waste, 
which is the most stringent and costly option avadable to EPA under federal law. Due to 
the stigma associated with hazardous waste, this option would likely eliminate the beneficial 
reuse of CCRs and harm small business such as marketers and end-users of CCRs. 

The inflexible nature of RCRA's hazardous waste regulations would result in the regulation 
of many aspects of power plant operations at Four Corners, Cholla, and NGS, not just the 
CCR dsposal operations. Under t h l s  proposal, within five years from the effective date of 
the rule, APS would be required to close its existing surface impoundments (used for wet 
disposal of CCRs) and convert all CCR handling systems to dry handling and dispose of 
CCRs in engineered lined landfills at both plants. The plants would also be required to 
obtain federal permits for the handling and disposal of CCRs, and all CCR handhg 
operations would be required to meet very stringent hazardous waste requirements. 

Historically, a portion of the ash produced at Cholla and Four Corners was beneficially 
reused in the manufacture of concrete and other applications; however, because of the 
liabdities associated with hazardous waste, it is unlikely that APS would continue to market 
fly ash for beneficial reuse and would dlspose of the material in on-site landfds. 

RULE E.2(d) 

Risk Anahsis: (4 the costs of compliance with existing and expected environmental vgzihtions. 

Available means for managmg errors, risks and uncertainties include the following strategies: 

Obtain current information from sources such as federal/state agencies, 
industry publications, vendor presentations, discussions with other utilities, 
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market research, and third-party consulting organizations to maintain awareness 
of proposed changes to existing and expected regulations which will impact 
technology choices and cost; 

Serve on environmental control technology committees within industry 
organizations; 

Analyze commercially-viable options for technologies that will enable 
environmental compliance; 

Negotiate solutions with government agencies that balance cost and 
compliance; 

Update costs of technology needed for c o m p h c e  throughout the 
development of the regulation and as expected regulations become finalized, 
including increases in cost due to inflation or limited supply; and, 

Pursue an expanded portfolio of non-emitting resources that includes energy 
efficiency, demand response, and renewable energy to defer the cost of 
additional environmental control technology by delaying new conventional 
fossil generation. 

RULE E.3(d) 

Risk Mitigation Pkan: (4 the costs of compLance with existing and eqcted environmental regukations. 

To manage risks and uncertainties with the cost of existing and expected environmental 
regulations, APS uses a multi-faceted plan which includes a combination of the following 

Obtain infarmation h m  sources such as fideal/state Mencies and third bath, consultinp firms to maintain 
awareness o f  brobo sed chanpes - and to evaluate commemallwiabk obtions for techohm: For example, 
APS has used Black & Veatch, a global engineering consulting fm, to provide an initial 
evaluation and subsequent updates for commercially-viable technology that may be required 
for SCR installation at Four Comers as well as to provide cost estimates. As a risk 
mitigation strategy, APS also conducts market research to mitigate uncertainties when 
evaluating new and changmg technologies to ensure that the most reasonable technologies 
are selected to balance cost while meeting environmental standards. 

Sewe on environmental control technokw committees: Electric Power Research Institute (EPRI) and 
Utility Air Regulatory Group (UARG) are two organizations in which APS participates as 
members of committees involved with environmental control technologies. 

Negotiate solutions with government agencies that balance cost and co@Lance: APS has been in 
negotiations with EPA since 2009 to develop a solution for controlling NOx emissions at 
Four Corners whch balances environmental impacts with the cost of compliance (see 
response to Rule D.17). 

Review and ubhte cost estimates based on the latest information avaihble: Throughout the process 
of developing environmental regulations, more rigorous cost estimates are continually 
produced by APS to reduce cost uncertainty. 

. .  Befer the cost o f  adztional env ironmental control t e c h  ohm bv OH rsm 2 a diverseFodobo o f  resou rces that 
includes enem eficiencv. demand resbonse. andrenewableenem: As illustrated in the 2012 
Resource Plan, APS is managing the risk of environmental regulations through ramping up 
non-emitting resources such as energy efficiency, demand response, and renewable 
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generation. This strategy defers the cost of additional environmental control technology by 
delaymg the need to add conventional fossil generation. 

RULE E.l(e) 

Risk Ident$%ation: (4 any anahsis Ly the hd-smng entity to identi and assess errors, lisks, and 
uncertainties in antic$ation ofpotential new or enhanced enviranmental mgukations. 

An analysis of several potential new environmental regulations which would require capital 
and O&M expenditures for environmental control equipment was discussed in d e d  within 
the response to Rules D.17 and E(d). In addition, an implementation plan was included 
whch identified the potential technology and timeframe for design and installation based on 
the most current information available as of October 2011. As previously stated, most of 
these potential regulations are only partially defined at this time and some may not be 
finalized for years. Over the 15-year Planning Period, these regulations could be modified 
further resulting in changes to the technology needed for compliance, which would impact 
the forecast for compliance costs. 

In addition to proposed regulations that APS is currently aware of, there are potential new 
regulations, such as Effluent Limitation Guidelines (ELGs) and GHG regulations, that may 
be promulgated during the Planning Period. Compliance costs could increase to an extent 
that is unknown at this time. 

Analysis of Uncertainty related to Effluent Limitation Guidelines (ELGs) 

The CWA regulates discharges to “waters of the U.S.” through water quality standards and 
technology-based standards. Effluent Limitation Guidehes (ELGs) are technology-based 
standards developed by EPA on an industry-by-industry basis. The CWA requires that EPA 
periodlcally review and revise these standards as appropriate. APS has responded to the 
EPA Effluent Limitations Guideline Information Collection Request and expects that EPA 
d eventually promulgate effluent rules based on the data collected. 

In 2010, EPA initiated a review of the ELGs applicable to the steam electric power 
generating sector through a formal information collection process. In this process EPA 
collected data from electric utihties, includmg APS, and will evaluate the data and other 
studies to determine the best available technology economically achevable by the industry. 
EPA will then propose revisions to the current ELGs based on the performance of that 
technology. The industry will be required to comply with the new, more stringent standards 
at some point in the future. 

The ELGs would impact Four Corners, West Phoenix, and Ocotillo power plants, because 
these facilities have permitted industrial discharges. Four Corners dlscharges directly into a 
water of the U.S. at two locations. The West Phoenix and Ocotillo power plants are 
permitted to discharge into the municipal sewer systems, whch are in turn permitted to 
discharge directly into a water of the U.S. In addition, the West Phoenix power plant is 
permitted to dlscharge directly into an adjacent irrigation canal, but as a normal practice does 
not use this discharge point. 

Any revisions to the ELGs would impact the discharge limits and APS’s Four Corners, West 
Phoenix, and Ocodlo power plants may be faced with increased capital and O M  expenses 
to achieve and maintain compliance; however, the nature and magmtude of those impacts 
cannot be assessed until EPA issues its proposed rule. EPA’s latest regulatory agenda 
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indicates the proposed rule is due in June 2012, with a final rule expected in 2014. APS 
plans to follow this rule development process closely and will comment on the proposal. 

Analysis of Uncertainty Pertaining to Greenhouse Gas Regulations 

The inclusion of a cost for C02 emissions has been debated for years and is still likely to be 
several years away from a resolution. As detailed in Appendlx A, Charles River Associates 
provided A P S  not only with guidance on a likely CO2 price curve, but also on plausible high 
and low price curves based on their understanding of the legislative landscape (see Figure 
23). Portfolios that rely more heavily on carbon-intensive fuels like coal will be impacted 
most from a cost perspective by this sensitivity. 

RULE E.2(e) 

Risk Anabsis: (e) a desmption and anahis ofavaikable meansfor managing m r s ,  ~ s k s  and uncetiainties 
ofpotential new or enhanced environmental tzguhtions. 

Available means for managing the risks and uncertainties with the analysis of new 
environmental regulations includes the following strategies: 

RULE E.3(e) 

Obtain information from sources including federal/state agencies, industry 
publications, market research, and third-party consulting organizations to 
maintain awareness of proposed changes to existing and expected regulations 
which will impact technology choices and cost; 

Evaluate commercially viable options for technologies that will enable 
environmental compliance; 

Negotiate solutions with government agencies that balance cost and 
environmental impact; 

Update costs of technology needed for compliance as better information 
becomes available; 

Monitor legislative activities related to C02 and develop cost sensitivities to 
evaluate the potential impact; and, 

Develop additional options including scenarios containing minimum and 
maximum technology requirements to evaluate the range of possible outcomes. 

Incorporate a hypothetical carbon cost into resource planning analytics. 

k s k  Mitigation Pkan: (e) a pkzn to manage the erron, risks and uncertainties ident$ied ofpotential new or 
enhanced environmental regukations. 

APS monitors the regulatory landscape as potential environmental regulations evolve and 
become more clearly defined. APS reviews and updates cost estimates based on the latest 
information available and u h e s  the services of outside engineering firms as appropriate. 
As previously mentioned, APS has included a hypothetical cost of C02 in the 2012 Resource 
Plan based upon the guidance provided to APS by Charles kver Associates. As decision 
dates for finaltzed regulations approach, consistently more rigorous cost estimates are 
produced to mitigate the risk of uncertainty relating to potential new environmental 
regulations. 
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APS is also partially insulated from the impacts of these regulations by its focus on 
advancing energy efficiency and renewable energy resources. These zero emissions sources 
help diversify the APS portfolio and mitigate the dependency on fossil-fueled generation. In 
addition, the planned retirement of Four Corners Units 1-3, coupled with the acquisition and 
environmental enhancements on Units 4-5, also helps mitigate against the uncertain costs 
associated with major modifications needed on Units 1-3 to meet these future regulations. 

RULE E.l(f) 

Risk Identijication: fl changes in fuelprices and avaikabili& 

As discussed in the response to Rule D.16, APS engaged the services of LHS CERA to 
analyze future fuel supplies and prices. A copy of this report will be provided upon request 
to the ACC under a confidentiahty agreement. 

Coal for APS power plants is currently purchased under long-term contracts with fixed 
prices and inflation-related escalators. For Four Corners, a condition of the proposed Four 
Comers transaction with SCE requires an extension of the BHP fuel agreement with terms 
reasonably acceptable to APS. As a result, APS and BHP are currently negotiating the 
contract. Additional risks for coal supply to power plants would be rad service interruptions 
and mine permit extensions. Uranium is an international commodlty that is projected to be 
sufficient at current rates of extraction to last over 100 years. The primary risk for disruption 
of uranium supply would be in the area of contractual performance of both suppliers of 
uranium as well as performance of vendors in the processing of uranium into usable fuel. 

Current natural gas supplies in North America in general, and the Desert Southwest 
specifically, are projected to last well over 50 years at the current rate of consumption. The 
primary reliability risk for natural gas supplies would be a disruption in natural gas pipeline 
transportation between the production basins and APS power plants. A dlsruption could 
occur involving pipeline rupture or lack of pipeline compression needed to move fuel 
through pipelines. 

Natural gas prices present the greatest fuel price risk to APS. 
exhibited volade and unpredictable behavior over the past decade as indicated in Figure 42. 

Natural gas prices have 
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APS performs gas p 
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to evaluate changes in re1 
Sensitivities of plus and minus 

on of natural gas 
e evaluated as dustrated in Attachment F.l (c). 

RULE E.20 

The primary means for managmg fuel price and supply risk include contracting for longer 
periods, contracting under fixed price arrangements, utilizing multiple vendors, and engaging 
in hedging activity. The primary means for managing exposure to any one particular type of 
fuel is to develop and maintain a &verse portfolio of resources that does not overly depend 
on any one fuel source. 

Coal is typically contracted for under longer-term supply arrangements. Occasionally, ualities 
may choose to purchase a portion of their coal supply under long-term contract, and then 
rely upon shorter-term "spot" markets for the remainder of supply. While engagmg in the 
spot market may add flexibihty in the amount of coal purchased, the spot market prices are 
typically more volatile and there are no guarantees that supplies in the spot market will 
always be available. 

Uranium fuel supplies and processing are typically contracted for using multiple vendors for 
longer terms. Utilizing multiple vendors reduces concentration risk in the event a supplier 
fads to perform their contractual obligations. Prices for uranium supplies and processing are 
typically contracted for under fured prices but may include escalators tied to various in&ces. 
While it may theoretically be possible to hedge price risk associated with uranium linked to 
indices, finding other credlt-worthy counterparties may be problematic. 
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Natural gas supply is typically contracted for under shorter-term fuel supply arrangements, 
while natural gas transportation is typically contracted for using fixed rates under longer- 
term arrangements. Even though natural gas supplies are typically contracted on a shorter- 
term basis, prices may be locked in for longer periods of time using forward financial swap 
instruments or futures contracts that lock in prices for specified delivery periods in the 
future. 

RULE E.3(f) 

Risk Mitigation Plan: (13 changes in fuelprices and availabiLip. 

Coal for APS power plants is currently purchased under long-term contracts with fixed price 
adjustments. APS benefits from coal suppliers having sources with proven reserves well in 
excess of what could be burned even beyond the Planning Period. Disruption of coal supply 
due to rail interruptions is managed by keeping additional inventory of coal on power plant 
sites. In order to accommodate interruptions in coal supply, APS typically maintains a 45- 
day reserve of coal at the Cholla plant, a 60-day reserve of coal at the Four Corners plant, 
and a 30-day reserve at NGS (operated by Salt kver  Project). Negotiations continue in an 
effort to arrive at mutually-agreeable terms for coal supplies to Four Corners post-2016. 

For the Cholla Power Plant, transportation for coal is provided through firm long-term 
contracts with the Burlington Northern Santa Fe Radway. In the case of the Four Corners 
Power Plant, coal transportation is not required gven the coal mine is located adjacent to 
Four Corners, thereby mitigating the risk of rail disruptions. Transportation of coal from 
the Kayenta mine to the Navajo Generating Station is provided by a dedicated rail owned by 
the co-owners of NGS and operated by the Salt River Project. 

APS mitigates the risk of disruption in gas supply due to pipeline interruptions by 
contracting for natural gas transportation through long-term firm contracts over three 
separate pipelines - El Paso Natural Gas, TransCanada (North Baja), and Transwestern, to 
transport 100% of the gas needed to meet the system peak generation demand. In addition, 
APS benefits from dual pipeline supply capabdity at the following power plants: Redhawk, 
Yucca, Gila River (long-term PPA), and Sundance. All other power plants are served by the 
El Paso pipeline. Individual pipeline risk to those plants is mitigated since El Paso pipeline 
utilizes a redundant system that consists of multiple pipes. Additional pipes mitigate risk of a 
single pipe rupture since remaining pipes could continue operating. 

In order to manage natural gas price volatility risk, APS employs a three-year hedge plan. 
The hedgmg parameters are 85% for year 1, 50 to 60% for year 2, and 30 to 40% for year 3. 
In hedging fuel supplies and prices, APS utihzes many different creditworthy counterparties 
to reduce concentration risk of a counterparty failing to perform their contractual 
obligations. 

Uranium is an international commodq that is projected to be sufficient at current rates of 
extraction to last for 100 years. To mitigate supply as well as price risk, APS hedges uranium 
fuel supply under long-term contracts and utilizes multiple suppliers. Not only does APS 
hedge uranium fuel supplies through longer-term contracts, the Company also hedges fuel 
processing services directly with suppliers. In order to ensure fuel supplies are ready when 
needed, APS requires fuel suppliers to deliver fuel to Palo Verde 45 to 90 days in advance of 
an outage to help ensure fuel is ready when needed. This advanced delivery also allows APS 
time to inspect fuel assemblies prior to loading them into a unit. 
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Nuclear refuehg outages normally avoid the summer months to meet the peak demand for 
power. Sufficient fuel is maintained on-site to meet the summer peak demand periods. 

RULE E.l(g) 

Rzsk Idenbjcation: @ constmction costs, capiaal costs, and operating costs. 

The primary construction, capital, and operating cost risks are associated with the 
engineering, procurement, and construction (EPC) of new generating units. Engineering, 
procurement, and construction of modifications to generating units also have similar risks 
but the total costs at risk are typically smaller. 

There are many factors that have the potential to negatively impact cost, scope, and schedule 
of construction projects. These factors include but are not limited to the following: 

Escalating material or labor costs beyond what has been anticipated; 

Force majeure, inclement weather, labor strikes, craft availability, and 
productivity risks; 

Quahty assurance fdure of one-of-a-kind engineered equipment or failure to 
pass customer and factory acceptance tests; 

Major equipment performance fdure to operate at minimum guaranteed 
ratings; 

Material availability issues; and, 

Contractor non-performance. 

In addition, if land acquisition is a prerequisite to a construction project, there are potential 
risks. Acquisition of private land is systematic and is approached with an offer letter, 
appraisal, and negotiations. Timing is critical to managing risk if condemnation is necessary 
and a court settlement is required. Generally, a timeframe of 2 years is estimated for land 
acquisition if condemnation is necessary. 

Federal and state lands are secured through leases, or rights-of-way with each agency. 
Federal lands require a NEPA process that includes archaeological and biological studies for 
project impacts to threatened and endangered species. The estimated processing timeframe 
for a typical right-of-way application with Arizona State Land Department requires 24 
months. A federal application (such as with the Forest Service or Bureau of Land 
Management) will typically require 36 months or longer, depending on impacts to species or 
archaeological sites. 

RULE E.2(g) 

Risk Anabsis: @ conshwction costs, capital costs, and operating costs. 

Methods for managmg risks and uncertainties include requiring liquidated damage provisions 
in contracts for EPC activities so as to mitigate the risk of various scenarios that may impact 
cost and schedule. Not all schedule impacts may be mitigated, however, especially if the 
impact is due to one-of-a-kind specifically engmeered and manufactured equipment being 
damaged beyond repair or lost during shpping. l h s  risk may be mitigated through 
purchasing of insurance for compensation of loss. It may also be beneficial to include 
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project milestones to document progress and determine contractor performance to those 
miles tones. 

To ensure vendors have the capability to perform the scope of work expected, a vendor 
analysis may be completed prior to contracting for services. Vendor analysis includes an 
examination of experience and capabfity to perform, as well as a thorough credit analysis to 
help determine which vendors have the financial capability to perform. As a result of this 
review, it may be appropriate to request letters of credit or other performance guarantees to 
serve as collateral from vendors. If a vendor fails to perform required services, they must 
forfeit any collateral they have provided. 

When it is determined that equipment replacement or mo&fications are needed, it is 
important that project processes and controls are in place, well documented, and 
communicated in order to p d e  project work, set expectations, and measure progress 
agamst project milestones. Project control documents that are well communicated and 
measured against help serve to mitigate project cost and schedule risk. 

In addition to vendor analysis and project control documents, it is also possible to conduct 
sensitivity analyses on project component costs to determine the overall magnitude of 
potential cost uncertainty. Sensitivities may be helpful in highlighting those cost components 
with the greatest potential to impact overall project cost uncertainty. 

RULE E.3(g) 

Risk Mitigation Plan: @ construction costs, capital costs, and operating costs. 

In the event of a delay in completing individual project tasks or in receiving project 
components, APS analyzes the overall project schedule to determine if the schedule can be 
reworked to avoid direct impact on the overall project completion date. Schedules are 
regularly analyzed for existing or potential problems that would affect the schedule or cost. 
The frequency of schedule analysis will vary from as often as daily to as infrequently as 
monthly depending on the type, complexity, and phase of the project. APS uses schedule 
analysis and progress measurement to identify potential risks as early as possible. Identifjmg 
potential delays as early as possible improves the probabdq that a corrective action or 
contingency plan will have the desired effect of maintaining oripally scheduled completion 
dates. 

Examples of schedule impacts and actions to mitigate include: 

Constrztcton coqbletion &er contract combletion date: Ths risk is normally mitigated by 
regular schedule reviews and progress milestone measurement. APS also mitigates this 
risk by including contract provisions for liquidated damages, whereby vendors must 
forfeit collateral to APS in the event of missing contractually-agreed-to milestones or 
completion dates. 

Contractor?roductiuic less than bfanned due to factors such as inclement weather, labor shXes. and 
craft availabihtv In many instances, this risk is mitigated by requesting an increase in the 
number of critical craft personnel on site or the number of shifts being worked to return 
to the original completion schedule. 

Eptbment delzve? de&: Some negative schedule impacts cannot be totally recovered. 
Examples are when one-of-a-kmd specifically engneered and manufactured equipment 
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is lost or damaged during shipping to the construction site. To mitigate this risk, APS 
purchases insurance to compensate for a potential loss of this nature. 

Impacts from uncertainties in cost are mitigated by the regular review and updating of cost 
estimates based on the latest industry information available. As the project start date 
approaches, consistently more rigorous cost estimates are produced to reduce the level of 
cost uncertainty. 

In addition to assessing capital cost risk pertaining to the construction and installation of 
facilities, as well as land, land rights, structures, and equipment, APS also includes an 
allowance for funds used during construction in its capital cost estimates. 

When it is determined that equipment replacements or modifications at existing power 
plants are required to improve plant efficiency or reliabhty, or to comply with new 
environmental regulations, APS has guidelines which are used to establish consistent, 
orderly, and efficient inter-dsciplme and inter-department communication for these projects. 
The project guidelines establish the level of project control needed to reduce the project 
risks, which could in turn increase costs or delay project completion. 

Very large projects of sufficient size are controlled in a similar fashion; however, these 
projects may be so large and demanding that a new project organization with a separate 
dedcated staff will be created for the duration of the project. 

Where capital or fuel costs can represent up to 75% of the total delivered cost of power for 
many technologes, non-fuel operating costs generally represent less than 10% of the 
delivered cost. Consequently, the sensitivity of power costs to non-fuel operating costs is 
typically far less than it is to capital or fuel. 

RULE E.l(h) 

Risk Iden21Jiction: (b) other factors the load-serving enti0 msbes to consider. 

APS performed a sensitivity analysis that included externahties in its portfolios. Externahties 
include NOx, SOX, PM10, and the marginal cost of water (all shown in Table 37). Values 
for NOx, SOX, and PMlO were specific to APS power plants and were based on the 
National Academies of Science study. Marginal cost of water was based on the cost of 
treated effluent at the Redhawk power plant. Values are dependent on fuel quallty, emission 
controls, and location of the power plants in relation to population centers. 
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2025 
2026 

,As 

$1,040 
$1,085 

Future CT / CC I 

I 2027 

1 Based on National Academies of Science Study 
Marginal Cost of water ($/Acre-Feet) 

$1,318 

Table 37 - Externalities - NOx, SOX, PMIO, Marginal Cost of Water 

indcated in Attachment F.l(c), while inclusion of externalities did change the absolute 
value of portfolio costs, it had little impact on the relative economics of theportfolios, i.e., 
the Base Case Portfolio is sull the lowest cost, and the Coal Retirement Portfolio is sull the 
highest cost. Consideration of externahties has less impact on APS than many other 
companies due to three factors: (1) APS coal power plants burn lower sulfur coal than many 
eastern plants; (2) APS coal power plants already have emission controls in place; and, (3) 
APS coal power plants are located away from major population centers. 
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RULE E.2(h) 

Risk Anabsis: (h) other factors the load-serving entiiy wishes to consider. 

The most effective way uulities can manage potential costs associated with externalities is to 
make resource choices that promote a clean resource mix. W e  fossil-fueled generation 
sources may have been the dominant choice years ago, renewable technology advancements 
and energy efficiency provide utility planners with cleaner resource choices that mitigate the 
risk of potential health effects associated with power generation. 

RULE E.3(h) 

Risk Mitigation Plan: (h) other factors the load-serving entiiy wishes to consider. 

APS has included externalities in its sensitivity analysis to help inform the issue. In addition, 
APS is increasing its reliance of clean energy resources such as energy efficiency and 
renewable energy. 
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RESPONSE T O  RULES: SECTION F - SUMMARY OF 2012 
RESOURCE PLAN 

Resource Planning Rule A.A.C. R14-2-703 sets forth the reporting requirements for a load- 
serving entity. The following items provide responses to section R14-2-7030, which 
specifically requires information related to the selected 15-year resource plan. 

RULE F.1 

Selects a pogolio af resources based zipon comprehensive consideration af a wide range ofszip&~- and demand- 
side options. 

In creating the 2012 Resource Plan, APS analyzed four dstinct portfolios for consideration 
composed of a mixture of technologies (as described further in Attachment D.3). APS 
monitored how each portfolio performed based on certain key metrics, including: natural gas 
burn; NPV of revenue requirements; cumulative capital expenditures; carbon emissions; 
water use; and, portfolio diversity. APS then stressed several key input variables, such as 
natural gas prices, carbon costs, energy efficiency costs, tax credits, and externalities, to 
determine the robustness of each portfolio (sensitivity analytics). Finally, APS combined 
several variables into low cost and high cost cases to see plausible boundaries on revenue 
requirements for each portfolio (scenario analytics). The results of the analytm for each 
portfolio can be found at: 

Attachment F.l (a) - Loads and Resources Tables and Energy Mixes 
Attachment F. 1 (b) - Analysis of Four Portfolios 
Attachment F.l(c) - Sensitivity Analyses 
Attachment F.l (d) - Scenario Analyses 

Description of portfolios: 

Base Case Portfolio: The Base Case Portfolio is designed to deliver a portfolio of generation 
resources that does not overly rely on one specific fuel source over the 15-year Planning 
Period. This portfolio includes the addition of SCE’s share of Four Corners Units 4 and 5, 
and the related retirements of Units 1, 2, and 3. No addtional baseload resources 
(coal/nuclear) are added over the course of the Planning Period. APS assumes compliance 
levels of energy efficiency, and plans for slightly exceeding compliance levels for renewable 
energy. The remaining growth is met with demand response and natural gas resources. The 
fEst conventional resource addtion is estimated to occur in 2019. 

Three important factors stand out about this portfolio. First and foremost, this is the lowest 
cost portfolio of all those considered. Second, approximately 65% of energy growth is met 
by emissions-free resources. Third, t h ~ s  portfolio results in no single fuel source 
encompassing more than 26% of APS’s resource mix. Contrast that with today where coal 
and nuclear make up two-thuds of APS’s fuel mix. This more balanced approach will 
provide customers with greater protection from price volathty associated with a single fuel 
source. 

Four Corners Continpencv Portfolio: The Four Corners Contingency Portfolio differs from the 
Base Case Portfolio in one key aspect: the assumption for this portfolio is that the Four 
Corners transaction is ultimately not consummated. As a result, all five units at Four 
Corners are retired over the next four years. Due to these retirements, the portfolio calls 
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for an additional combined cycle unit and 300 of additional combustion turbine units, 
starting with the combined cycle unit being added in 2016 and the fust combustion turbine 
in 201 7. 

APS has developed i h s  portfolio as a contingency plan should the Four Corners transaction 
not occur. With the loss of such a large amount of baseload generation, APS would need to 
take swift and decisive action in the next five years in order to ensure reliable and affordable 
service to its customers. T h ~ s  portfolio is intended to depict what those decisions could 
entail. 

Enhanced Renewable Portfoolzo: The Enhanced Renewable Portfolio is designed to show the 
impacts of increasing the contribution of renewable energy to 30% of retail sales by 2025. 
This portfolio includes the Four Corners transaction and a sipficant increase in renewable 
nameplate capacity compared to the Base Case Portfolio. Conventional generation is not 
added until 2020 (combined cycle). 

This portfolio provides a resource mix that significantly reduces the Company’s reliance on 
natural gas and its associated price volatillty. In addition, it envisions that over 90% of 
future energy growth is met by clean energy resources. 

CoalRetiement Polzcfaiio: The Coal Retirement Portfolio does just that; it shows the impact 
of retiring all of APS’s coal units during the Planning Period. Similar to the Four Corners 
Contingency Portfolio, APS assumes Units 1-3 are retired at the end of 2014 and Units 4-5 
are retired in the summer of 2016. Navajo Generating Station is then assumed to be retired 
at the end of 2019 and Cholla at the end of 2024. APS chose these dates based on the 
expiration of certain contracts related to fuel purchases and land rights. 

Due to the retirement of over 1,700 MW of coal-fired generation, APS would sipficantly 
increase its reliance on natural gas and renewable energy. APS modeled replacing coal 
production with 25% renewable energy and 75% natural gas generation. This results in APS 
addmg four combined cycle gas plants during the Planning Period and over 1,000 MW of 
additional nameplate renewable capacity compared to the Base Case Portfolio. T h ~ s  
portfolio was developed to exemplify the impact stringent environmental requirements could 
have on the APS resource mix. 

RULE F.2 

Wili resuit in the load-serving enh$’s rehab& servang the demand for electrii energy services. 

The APS 2012 Resource Plan is designed to provide reliable power to its customers with the 
required operating reserves whde allowing for unforeseen events such as higher-than- 
forecast customer demand and forced outages of several generators at one time. APS uses 
an LOLP reliabhty criterion of one event in ten years to provide the desired level of 
reliability. While there is not a standard prescribed by the WECC or NERC, a 1-in-10 
LOLP is a common standard in the industry. APS has found that desipng resource 
portfolios based on a 15% reserve margm provides better than 1-in-10 LOLP. APS’s 2012 
Resource Plan maintains a 15% or greater planning reserve margin for each year of the 15- 
year Planning Period as indicated in response to Rule Dl(b)-B.2(e). 

In addition to the reliability lscussed above, APS also performs a Reliability Must Run study 
of its Phoenix and Yuma load pockets every two years as part of the ACC’s Biennial 
Transmission Assessment. This study specifically looks at transmission-constrained load 
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pockets, and is done in conjunction with Southwest Area Transmission and other Arizona 
utilities. The last report, filed in January 2012, indicated that planned transmission along 
with existing transmission and local generation w d  be sufficient to provide better than 1-in- 
10 LOLP for the years studled. 

RULE F.3 

Will address the adverse environmental impacts ofpower production. 

The APS 2012 Resource Plan includes in its base assumptions a hypothetical cost for carbon 
emissions implemented in 2019. In addltion, and as further described in response to Rule 
D.17, APS has planned for several power plant emissions upgrades over the next decade to 
ensure full compliance with any potential new or enhanced environmental regulations. The 
APS 2012 Resource Plan includes a sipficant amount of energy efficiency and renewable 
energy - resources that provide energy to APS with no adverse environmental impacts. This 
allows APS to face a 55% increase in customer sales (prior to energy efficiency and 
dlstributed energy) with only moderate increases in COz emissions and annual water use 
increases of 13.5% and 11.4%, respectively, over the 15-year Planning Period. Finally, APS 
has quantified the rates for multiple emissions for the reference plan, as depicted in 
Attachment D.l(a)(8). 

RULE F.4 

Will include renewable enegy resources so as to meet or exceed the greater ofthe Annzlal Renewable Energy 
Requirement in R14-2-1804 or the following annual percentages o f  retail k W h  sold 5 the load-serving 
entity. 

As indicated in Table 38 below, the 2012 Resource Plan exceeds the amount of renewable 
energy required under the ACC RES for all years during the Planning Period. Note that in 
addition to the RES requirement, APS is required to achieve 1,700,000 MWh of incremental 
renewable generation by December 31,2015, per ACC Decision No. 71448. 
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ACC RES Requirement Renewable Generation 
Calendar Year (Percent of Retail Sales in APS 2012 Resource 

During Calendar Year) Plan 

2012 3.5% 5.04% 

2013 4.0% 9.65% 

2014 4.5% 10.39% 

2015 5.0% 11.59% 

201 6 6.0% 11.58% 

201 7 7.0% 

201 8 8.0% 

201 9 9.0% 

2020 10.0% 

2021 11 .O% 

2022 12.0% 

2023 13.0% 

11.83% 

11.56% 

12.37% 

12.48% 

14.48% 

15.35% 

15.97% 

2024 14.0% 16.62% 

2025 15.0% 17.23% 

2026 15.0% 17.51% 

2027 15.0% 17.23% 

Table 38 - Renewable Generation Included in 2012 Resource Plan (?h of Retail Sales) 

RULE F.5 

Will incl..de distribzlted generation enew resouces so as to meet or exceed the greater of the Distributed 
Renewable Energy Requirement in R14-2-1805 or the fallowing annualpercentages as applied to the load- 
serving entity's Annual Renewable E n e w  Requirement: 

2007 5.0% 
2008 10.0% 
2009 15.0% 
2010 20.0% 
2011 25.0% 

After 2011 30.0°/o 

The Distributed Renewable Energy Requirement in R14-2-1805 and the annual percentages 
in the Resource Planning Rules are the same. As indcated in Table 39, the distributed 
energy represented in the 2012 Resource Plan meets or exceeds the requirements in all years 
of the Planning Period. 

http://incl..de
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Calendar Distributed Generation Distributed Generation in 
Year Requirement APS 2012 Resource Plan 

Renewable Requirement) Renewable Requirement) 
(Percent of Annual (Percent of Annual 

2012 30% 36.16% 

201 3 30% 42.47% 

2014 30% 44.63% 

201 5 

201 6 
201 7 

201 8 
201 9 

2020 

2021 

2022 

2023 

2024 

2025 

2026 

2027 

30% 

30% 

44.89% 

39.62% 

38.44% 
32.91% 

30.66% 

30.57% 

30.54% 

30.52% 

30.49% 

30.48% 

30.46% 

30.45% 

30.44% 

Table 39 - Distributed Renewable Energy Included in 2012 Resource Plan 

RULE F.6 

Will address energy eficiency so as to meet a y  vqzirements set in d e  
the Commission. 

the Commission, or in an order of 

There are two ACC Decisions impacting energy efficiency represented in the 2012 Resource 
Plan. ACC Decision No. 71448 set forth energy efficiency requirements through 2012 based 
upon the 2009 rate case settlement as illustrated in Table 40. ACC Decision No. 71819 set 
forth Energy Efficiency Requirements provided in Table 41, which became effective January 
1,2011. 

Efficiency Energy Efficiency in APS 
Year Requirement (Decision No. 2012 Resource Plan 71448) 

2012 1 So% 1.71% 

Table 40 - E E  Included in the 2012 Resource Plan (77 of Retail Sales) 
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ACC Decision No. 
Calendar 71 81 Energy Energy Efficiency Included 

Year Efficiency Standard in APS 2012 Resource Plan 
(Percentage of 
Retail Sies) 

2012 3.00% 3.07% 
2013 5.00% 5.00% 
2014 7.25% 7.25% 

2015 9.50% 9.50% 

2016 12.00% 12.00% 

2017 14.50% 14.50% 

2018 17.00% 17.00% 
201 9 19.50% 19.50% 

2020 22.00% 22.00% 

2021 22.00% 22.00% 

2022 22.00% 22.00% 

2023 22.00% 22.00% 
2024 22.00% 22.00% 

2025 22.00% 22.00% 

2026 22.00% 22.00% 

2027 22.00% 22.00% 

Table 4 I - Cumulative EE & Calendar Year (77 of Retazl Sales) 

As indicated in Table 41, Energy Efficiency represented in the 2012 Resource Plan meets or 
exceeds the EE Standard in all years of the Planning Period. 

RULE F.7 

Will efectiveb manage the uncertain9 and i s k s  associated with costs, environmental impacts, loudjrecasts, 
and other factors. 

As described in response to Rule F.l, APS performed a rigorous series of analyttcs on all of 
the potential portfolios under consideration. This effort was driven specifically towards 
identifymg the most robust portfolio that would both provide a low-cost set of resources for 
customers while simultaneously mitigating potential future risks. The 2012 Resource Plan 
accomplishes both of these criteria. First and foremost, it is the lowest-cost plan of all those 
analyzed. Secondly, by maintaining a position in multiple fuel sources, APS has the ability to 
modify its dispatch of resources depending upon future price conditions. For example, 
should natural gas prices follow a lower trajectory than currently prelcted, APS could 
increase its natural gas-fired generation to capitalize on thls trend; conversely, should natural 
gas prices rise unexpectedly, APS could mitigate this exposure by increasing output at its 
more stably-priced coal-fired generation fleet. APS also manages future cost and 
environmental risks by assuming compliance with the EE Standard and the RES. Finally, 
APS has sipficant flexibility in how it meets future load forecast fluctuations by r e l p g  on 
resources that have relatively short development lead times, such as solar PV and natural gas 
plants, as well as relying upon the 15% reserve margin. 
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RULE F.8 

Will achieve a reasonable long-term total cos& taking into consideration the obectives setjrth in subsections 
p)(2)-P) and the uncertain0 offuture costs. 

APS’s 2012 Resource Plan, as outlined in Attachment F.9@), meets the objectives set forth 
in Rules F.2 thru F.7 of the Resource Planning Rules, and is expected to achieve a reasonable 
long-term cost as shown in Attachment D.lO. ms plan is a &verse portfolio of resources 
that meets or exceeds reliability criteria, the EE Standard, the RES, and manages risks 
through the planning of flexible resource options and limiting exposure to natural gas prices 
and carbon emissions. As the future unfolds and conQtions change, dus plan can be easily 
moQfied to address changes. It provides a road map for the future, and will gude APS 
procurement efforts. Those efforts wdl ultimately result in the specific choices of resources 
to meet APS customer energy needs in a manner that balances reliability, cost, the 
environment, and risk. 

RULE F.9(a) 

Contains all ofthe folhwing: (a) a complete desmption and documentation ofthe plan, including s q p h  and 
demand conditions, availabihg oft7ansmission, costs, and discount rates utiliTed. 

A complete description and documentation of the plan are contained in the following 
sections of this report: 

sz@blv - Conditions: All of the elements of APS’s existing resource portfolio, includng 
owned generation and purchase power contracts, are described and documented in the 
responses to Rule D.l. Information related to energy efficiency measures is included in the 
responses to Rule D.14. 

Demand Conditions: 
responses to Rules C.l, C.2, and C.3. 

Availabilitv of Transmission: Transmission necessary to ensure availability for resource 
delivery is Qscussed in the responses to Rules D.l@), D.l(d), D.10, D.l(g), and D.lO. 

Customer demand conditions are provided and documented in the 

casts: Costs of individual supply-side resource technologies are contained in the response 
to Rules D.l and D.3, while costs of individual demand side management measures are 
contained in the response to Rule D.14. Costs and system revenue requirements associated 
with the 2012 Resource Plan are contained in Attachment D.lO. 

Discount Rate: 
discount rate. 

APS uses 7.95%, the Company’s after-tax weighted cost of capital, as its 

RULE F.9(b) 

Contains all qf the jllowing: (b) a comprehensive, se&ef-explanatoty load and resources table summaneng the 
plan. 

The loads and resources table is provided at Attachment F.9@). 
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RULE F.9(c) 

Contains all ofthe following: (' a brief executive summayy. 

The Executive Summary is included at the beginning of this document. 

RULE F.9(d) 

Contains all o f  thejllomng: (4 an index to indicate where the 7eSponse.s to eachjbng requirement o f  these 
d e s  can be found. 

APS has included a high-level Table of Contents for this document and its related 
Attachments and Appendces, as well as a detailed Index at the end of this document. 

RULE F.9(e) 

Contains all o f  thejllomns (e) dejnitions ofthe terns trsed in the plan. 

The definitions of the terms used in the fhng are contained in the Glossary included herein. 
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- - - _ _ _ _ ~  II___- 

RESPONSE TO RULES: SECTION H - ACTION PLAN 

Resource Planning Rule A.A.C. R14-2-703 sets forth the reporting requirements for a load- 
serving entity. The following items provide responses to section R14-2-7030, which 
specifically requires information related to the action plan for the following three-year 
period. 

RULES H.l-H.3 

Includes a summa7 o f  actions to  be taken on future resource acquisitions; Includes details on resource gpes, 
resources capacip, and resource timing; Covers the threeyear . period following the Commission 5 
acknowledgement ofthe resource plan. 

APS anticipates that the planned activities required during the 2013-2015 timeframe d be 
focused primarily on renewable energy procurement (including both dlstributed and non- 
distributed), expansion and implementation of energy efficiency programs, and preparation 
for future peaking resource needs. 

Energy Procurement 

A summary of the increase in utdity-scale resources is provided in Table 42 followed by an 
in-depth overview and history of the procurement process. 

Action Project Mw 

201 1 Photovoltaic 

2011 RE Small Gen 

201 1 RE Small Gen 

2012 Photovoltaic 

2012 Photovoltaic 

2012 RE Small Gen61 

2013 Photovoltaic 

201 3 Conventional62 

Yuma 

Mancopa 
County 

Tonopah 

Hyder I1 

TBD 

TBD 

TBD 

TBD 

35 

15 

15 

14 

32 

TBD 

50 

TBD 

Technology 

Solar PV 

Solar PV 

Solar PV 

Solar PV 

Solar PV 

All RE Source 

Solar PV 

Natural Gas 

Agreement In Service 

EPC/Own 2013 

PPA 2013 

PPA 201 3 

EPC/Own 201 3 

EPC/Own 2014 

PPA TBD 

EPCIOwn 201 5 

201 6 EPC / Own/ PPA 

1 

Table 42 - Summar ofAction Plan 

APS uses the RFP process as the primary means for procuring both conventional and 
renewable energy to meet the current and forecasted APS load requirements. In developing 
the procurement plan and outlook, APS considers the expected time to procure and develop 

~ 

61 Need (Mw) and timing will be driven by the level of DE achieved. 
62 In the event capacity does not materiahe (e.g., the Four Corners transaction is not consummated or EE does not achieve 
targeted participation levels) natural gas resources would be required. 



2012 INTEGRATED RESOURCE PLAN 

new resources, diversification of the resource portfolio using renewable energy to limit 
exposure to volattle fuel prices, such as natural gas, and regulatory requirements set by the 
ACC in meeting the RES targets. The following describes the protocols and processes that 
APS follows when procuring capacity and energy, along with an overview of procurement 
history, current activity, and the plan for energy procurement in the future. 

Procurement Protocols 

APS, as a load-serving entity, is governed by the Arizona Adrmnistrative Code R14-2-705 
that describes the allowable methods for procurement and acquisition of wholesale 
conventional and renewable energy, capacity, and physical power hedge transactions, such as 
acquiring through hd-par ty  online trading applications, third-party energy brokers, RFP 
processes, or, under certain conditions, bilateral contracts. Additionally, the d e s  require 
that the RFP process is used as the primary acquisition process for energy and capacity, 
unless there are certain exceptions, at which time a bilateral contract can be executed and is 
acceptable. The exceptions to the RFP process may exist when APS is experiencing an 
emergency, a short-term acquisition needed to maintain system reliability, procuring other 
components of the resource such as fuel, transmission, or transportation, planning for two 
years or less, requiring a transaction to meet obligations for the RES, necessary for demand- 
side management or demand response programs, or considering an energy procurement 
because it represents an unanticipated market opportunity at a clear and sigmficant discount. 

Further, an independent monitor is required to oversee all RFP processes for procurement 
of new resources per A.A.C. R14-2-705.C. Pursuant to Decision No. 70032, and consistent 
with the current A.A.C. R14-2-706, A P S  submitted four quhfied companies for approval by 
the ACC on January 29, 2008, to serve as independent monitors for APS RFPs. Each was 
approved by the ACC on March 28, 2008, for performing independent monitoring 
functions. 

RFP Process 

As described above, APS engages in the RFP process as the primary method to acquire long- 
term wholesale conventional and renewable energy and capacity, as required by A.A.C. R14- 
2-705. In addition to those rules, APS documented and fded a “Renewable Energy 
Competitive Procurement Procedure” in April 2007 that was certified for use by one of the 
independent monitors and which outlines a fair and unbiased competitive process for 
procuring renewable energy. When an RFP is issued, the entire communication and biddmg 
process is conducted confidentially through an independent third-party electronic bidding 
platform. The following are major components of the process: 

AbbLcabiLQ APS procures for the wholesale acquisition of energy and capacity in 
accordance with the Resource Planning and Procurement Rules, as stated in A.A.C. R14-2- 
705.B. The Competitive Procurement Procedure applies to all solicitations initiated to meet 
the obligations in the approved APS RES Implementation Plan. This also covers renewable 
bilateral agreement opportunities which are outside of a solicitation period or scope to 
ensure that those remain unbiased, are subject to being screened with the same detailed 
evaluation criteria performed during a competitive solicitation, consider market trends, and 
are reviewed by an independent monitor. 

ReunestforProbosal: Each RFP d contain a product description, which defines the 
timeframe, eligible technologies, capacity and energy requirements, deliverabhty 
requirements, and ownership structure. Further details include an RFP schedule with 
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specific dates for release of RFP documents and presentations, critical RFP deadlines, bid 
submittal instructions and requirements, and specific agreements required for bid 
acceptance. Lastly, the proposal review and evaluation process is outlined with specific 
quantitative and qualitative criteria for which bids are evaluated, along with the specific 
agreements and regulatory approvals, if applicable, required prior to execution. 

Ind@endentMonitor: The role of the independent monitor appointed by APS is to certify 
that the RFP process is fair, transparent, equitable among bidders, and conducted in 
accordance with A.A.C. R14-2-705 and the Competitive Procurement Process for renewable 
energy. During their monitoring process, starting with the RFP document preparation and 
endmg with the final short-list selection, the independent monitor will evaluate APS on 
completeness and adequacy of RFP documents, monitor communications through the 
electronic bid platform, assure consistency of evaluations, provide recommendations on 
process improvement opportunities, and provide a documented certification of their review. 

Promrement Condnct Standards: The Competitive Procurement Procedure further documents 
the rules that the RFP team must follow, such as not assisting bidders prepare bids, not 
giving preferential treatment to. afffiates (if applicable), ensuring all bidders receive 
substantive information and documents throughout the bidding and competitive process, 
and abidmg by all regulations regardmg FERC Standards of Conduct and ACC Codes of 
Conduct. 

Procurement Timeline 

The procurement process typically takes six to nine months dependmg on the type and 
complexity of the solicitation. APS begrns the RFP process by preparing the RFP document 
that outlines the scope and requirements for the resource being procured. During 
preparation of the RFP, APS selects and contracts with the independent monitor that wdl 
oversee the solicitation. Shortly thereafter, a press release is issued announcing the RFP to 
the general public that broadly describes the RFP, followed by issuance and publication of 
the RFP document. Withrn a couple of weeks, APS hosts a webinar that presents specific 
details about the RFP document and provides an avenue for potential bidders to ask 
questions prior to their bid preparation. 

Once bidders have submitted their bids, APS begins their comprehensive evaluation process 
to determine the short-list to continue the process, based on both quantitative and 
qualitative factors that offer the best product and price to APS ratepayers while considering 
relevant risk factors for APS, such as bidder credmvorthiness, experience and expertise, 
contracts, technical viability, etc. Once APS determines and communicates the short-list, the 
bidders continue through the competitive procurement process by meeting any remaining 
milestones, which may include items such as preliminary contract dscussions, 
interconnection process, and site control, ultimately ending with an executed agreement, 
such as a PPA or an EPC to begin development of the resource. Dependmg on the 
technology and type of resource, the timeframe from contract execution to commercial 
operation date may take as little as under one year for existing assets to up to four years for a 
conventional combined cycle gas plant. Figure 43 illustrates the typical solicitation timeline. 
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PPA Solicitation Cycle (Example) 

PPA Execution 

Figzrre 43 - Illustrative RFP Timeline 

RFP History 

APS has been actively engaged in the RFP process in recent years and has utilized this 
process extensively to competitively procure capacity and energy to meet APS’s current and 
forecast load and regulatory requirements. In doing so, APS has issued RFPs as necessary to 
meet those requirements. Table 43 contains a brief listing of existing contracts or assets 
procured through an RFP process since 2003: 
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RFP Solicitation History (Contracted) 

Year RFP Type63 Contract Technology Capacity TennlYears COD / 
Delivery 

2003 Power Supply Own Conventional 450 N/A 2005 

2005 RE-AllSource PPA Wind 90 20 2006 

PPA Geothermal 10 23 2006 

2005 REL-All PPA(s) Conventional 500 8-9 2007 
Source 

PPA Conventional 150 10 2007 

PPA Toll Conventional 510 10 2007 

2005 Yuma Peaking Own Conventional 96 N/A 2008 

2007 RE-Allsource PPA Solar - CSP 250 30 201 3 

PPA Wind 100 30 2009 

PPA Landfill Gas 3 20 2010 

2007 Demand PPA Load 100 15 201 0 
Response Control 

- 
2008 Distributed PPA Solar - PV 15 25 201 1 

Energy 

PPA Solar - PV RECS 4 2012 

PPA Solar - PV 1-5 N/A 201 0 

2009 RE-SmallGen PPA Solar - PV 4.5 25 201 1 

PPA Solar - PV 10 30 201 1 

~ ~ 

2010 RE-AZ Wind PPA Wind 99 25 201 1 

2010 RE-SmallGen PPA Landfill Gas 3 20 2012 

PPA Solar - PV 15 30 2012 

2010 AZ Sun(PV) Own (3) Solar-PV 50 N/A 201 1 /12 

Own (1) Solar - PV 19 N/A 2012 

-~ ~~~~~-~~ 
Table 43 - Summay ofAPS RFP Histoy 

63 RE = Renewable Energy; REL = Reliability. 
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Current Utility-Scale Renewable Energy Procurement and Planned RFPs 

During the 2013 to 2015 timeframe, APS expects to continue renewable resource 
development activities initiated through ongoing regulatory programs as currently approved 
by the ACC and to meet the renewable energy requirements outlined in the 2012 RES 
Implementation Plan and the 2009 Settlement Agreement. Two of those specific programs, 
the A2  Sun Program and the Renewable Energy Small Generation Program, are described 
below both lvstorically and in the near-term procurement outlook during the 2013 to 2015 
timeframe. 

A Z  S m  Program: The AZ Sun Program was approved by the ACC on March 17, 2010 
(Decision No. 71502), authorizing APS to develop and own 100 MW of PV solar facilities in 
Arizona through a competitive procurement process and RFP solicitations. The goals of 
this program are to attract economies of scale, place resources where they will offer the 
greatest benefit to APS customers, offer easier financing for developers as supported by 
APS’s balance sheet, and help diversify utilityscale renewable energy resources and mitigate 
risk through the ownership model versus relying on PPAs alone. 

As requested by APS in the 2012 Implementation Plan, the ACC approved an additional 100 
MW on January 18, 2012, to continue development of PV facilities under this program in 
2013 through 2015.64 To date under the A 2  Sun program, 45 MW are commercially 
operating at the end of 201 1, followed by an addtional 24 MW and 35 MW currently 
expected for commercial operation in 2012 and 2013, respectively. APS wdl continue to 
procure the balance of the 200 MW through prorated RFP solicitations in 2012 and 2013 
with expected commercial operation of 14 MW (2013), 32 MW (2014), and 50 MW (2015). 
These procurement efforts are outlined in Table 42. 

Renewable Small Generation Program: The Small Generation Program was originally 
approved by the ACC as a pilot program in the 2009 RES Implementation Plan for 45,000 
MWh that resulted in two PPAs for solar PV projects from the March 2009 RFP. The result 
was two projects totaling 14.5 MW that went online at the end of 2011. In 2010, based on 
the success of the Pilot Program, APS subsequently requested and obtained approval in the 
2011 RES Implementation Plan that will allow APS to purchase an additional 200,000 MWh 
annually after the three-year deployment of the Small Generation Program through the 
competitive procurement process, where all source renewable energy is eligible to bid. The 
first of three planned RFP solicitations was issued in April 2010 that resulted in two PPAs, a 
3 MW landfill gas and a 15 MW solar PV facility expected to be in commercial operation in 
2012. 

The second solicitation issued in Apnl2011 resulted in two executed solar PV PPAs, each 15 
MW and expected to be in commercial operation in 2013. Due to the expected increases in 
distributed energy and expansion of those programs, as approved by the Commission on 
January 13, 2012, for the 2012-2016 Implementation Plan, the third all-source renewable 
energy RFP solicitation (oripally expected to be issued in early 2012) was postponed. APS 
wlll continue to evaluate the levels of dstributed energy deployment during 2012 to 
determine the timing and need of a future solicitation under this program. 

Decision No. 72737. 
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Distributed Renewable Energy 

In addtion to the uthty-scale renewable energy projects, APS expects continued growth of 
dstributed renewable energy programs and the associated increase in customer participation 
and incentive commitments as approved by the Commission on January 18,2012 (Decision 
No. 72737) for the 2012-2016 RES Implementation Plan. The expected increases in 
distributed energy over the next several years from the D E  program expansion, increased 
numbers of installed projects from the non-residential DE program, and the 2008 
Distributed Energy RFP (which resulted in three executed contracts, includmg a 25-year 
PPA for a 15 MW PV system at a mine in Bagdad, Arizona, in full commercial operation at 
the end of 201 1) will satisfy the need for distributed energy to help meet the 2009 Settlement 
Agreement. 

Demand-Side Management Resources 

Beginning in 2013, APS plans to pursue piloting a standby generation program. Advancing 
the standby generation program includes harvesting paralleled and unparalleled existing 
generators at customer facilities, as well as the installation of new generators. These initial 
efforts will focus on areas of the APS dstribution system that are peak capacity constrained. 
APS is currently assessing the market to determine the economics of standby generation and 
will seek necessary cost recovery through the 2013 and/or 2014 DSM Implementation plans. 

APS has designed the EE portfolio to comply with the EE Standard, resulting in 22% 
cumulative energy savings from demand-side resources by 2020. During this time, the 
Company plans to continue to fde annual implementation plans that detail the delivery of the 
annual compliance target. The annual DSM filing will be comprised of a combination of 
existing programs and new programs, aimed at delivering cost-effective net benefits to APS 
and its customers. 

The portfolio of demand response and load management solutions wdl continue to be 
refined based on learnings from the HE1 Pilot, which explores residential customer offerings 
such as &rect load control, enabling technologies, and critical peak pricing, and will provide 
a platform for future residential DR efforts. Opportunities identified through the HE1 Pilot 
wdl be proposed in 2015. 

Conventional Energy Resources 

APS recogntzes that conventional energy resources may be needed in the near-term to 
address resource uncertainties. APS is pursuing an initiative to provide options for new 
natural gas generating facilities, which acknowledges the long project development lead times 
for new facilities and addresses a number of resource uncertainties currently facing APS. 

Early in 2011 APS’s contingency planning efforts identified the combined uncertainty of 
future load growth and several resources included in the resource plan. The plan includes an 
assumption that the proposed Four Corners transaction is consummated resulting in 
addtional system capacity. APS recogntzes the uncertainty of the pending case before the 
Commission regardmg the Four Corners coal plant, coupled with the ongoing coal fuel 
supply negotiations, and is preparing for contingencies in the event the transaction is not 
consummated. In addition, the current resource plan assumes that APS programs for 
distributed energy and energy efficiency will produce specific reductions in demand over the 
coming years. The level of APS customer participation can dramatically impact the need for 
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new generation. Finally, the near-term assumptions of load growth are lower than historical 
levels and a return to normal growth would accelerate the need for additional resources. 

If some of the planned resources do not materialize there could be a need for additional 
natural gas generation within the metropolitan Phoenix area as early as the summer of 2016. 
While existing merchant generation may provide such resources, the availabiltty and cost of 
merchant generation is not w i h n  APS’s control. The objective of the APS’s contingency 
planning efforts is to identify solutions under the Company’s control that could individually 
or in combination serve to provide economic generation and transmission resources in the 
required timeframes. 

The development timeframe for new gas-fired generation, at new or existing sites, is between 
3 and 5 years. APS is identifymg and developing solutions that could provide contingency 
resources in the near-term or can be delayed in time and serve needs for combined cycle and 
combustion turbine generation in the window of 2017 to 2021. The planning, engineering, 
and other development work being performed will not be wasted since those specific 
solutions wdl eventually be needed to meet future planned natural gas resource needs. 

Pending the outcome of these efforts, APS may need to issue RFPs in the first half of 2013 
for natural gas combined cycle and simple-cycle generation. The following resource options 
to address the capacity needs may be considered (1) EPC; (2) asset purchase; or, (3) PPA to 
address the capacity needs. Each of these three options may be considered in the RFP and 
APS will evaluate each with respect to the timing of generation capacity needs, capital 
requirements for self-build versus merchant assets avdable, transmission availabiltty, 
locational attributes, and resource cost considerations. 

Addltional activity during the timeframe of 2013 to 2015 may include initial development 
steps for one or more potential sites for natural gas generation designed to preserve resource 
procurement opportunities. These activities may include land acquisition, permitting, and 
consideration of interconnection requests. 
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RESPONSE T O  RULES: SECTION I - OTHER FACTORS 

Resource Planning Rule A.A.C. R14-2-703 sets forth the reporting requirements for a load- 
serving entity. The following items provide responses to section R14-2-7030, which allows 
a utility to provide additional information related to environmental impacts for the 
Commission’s consideration. 

RULE I 

A load-serving entig or a v  interestedpartiks may also pmvide, j r  the Commission’s consideration, analyses 
and supporting data pertaining to environmental impacts associated with the generation or delivey o f  
electnkig, which may include monetixed estimates o f  envimnmental impacts that are not included as costs for 
compliance. Values or factorsfor compliance costs, envimnmental impact5, or monetiyation of environmental 
impacts may be developed and reviewed by the Commission in otherproceedings or stakeholder workshops. 

APS has included data related to environmental impacts of its 2012 Resource Plan in 
multiple locations within this document. Environmental issues are discussed in Section 
2.2.2. Water usage (expressed in annual Acre-Feet) has been included in all of APS’s 
analytics discussed in the Section titled Portfolio & Sensitivity Analpcs. Environmental 
plans are discussed at length in response to Rules D.17, E.l(d)-E.S(d), and E.l(e)-E.3(e). In 
addition, APS ran a sensitivity analysis that monetizes the costs of externalities. Externality 
costs are discussed in response to Rules E.l(h-E.3P). A table of emissions for each 
generator is found at Attachment D.l(a)(8). Attachments F.l (b-F.l(d) contain the backup 
information for all of the model r u n s  performed in support of this resource plan. Finally, 
Appendix A provides a discussion on carbon cost and legislation, and Appendix B provides 
an update on APS’s efforts with regards to the water/energy nexus. 
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I RFP I Request for Proposal 

I Renewable Transmission Action Plan 

I RTP I Renewable Transmission Project 

I SAID1 I System Average Interruption Duration Index 

I SAIFI I System Average Interruption Frequency Index 

1 SEER I 1 Seasonal Energy Efficiency Ratio 

I SCE I Southern California Edison I 
I SCR I Selective Catalytic Reduction I 

I Societal Cost Test I 



2012 INTEGRATED RESOURCE PLAN 

SIP 

so2 

SRSG 

TES 

TRC 

TOU 

TVA 

UARG 

voc 
WECC 

State Implementation Plan 

Sulfur Dioxide 

Southwest Reserve Sharing Group 

Thermal Energy Storage 

Total Resource Cost Test 

Time of Use 

Tennessee Valley Authority 

Utility Air Regulatory Group 

Volatile Organic Compounds 

Western Electricity Coordinating Council 



2012 INTEGRATED RESOURCE PLAN 

phis  page left intentionally blank] 



201 2 INTEGRATED RESOURCE PLAN 

GLOSSARY 

2012 Resource Plan Represents APS’s selection of an energy resource portfolio for the 2012- 
2027 period based upon a wide range of supply- and demand-side 
options. The 2012 Resource Plan assumes the approval of the 
proposed Four Corners application to purchase SCE‘s share of Four 
Corners Units 4 and 5, and to retire APS Units 1-3 at Four Comers. 
Relates to a public stakeholder process that resulted in a consensus 
regarding how new water supplies should be shared and paid for by 
water users in Central Arizona Project’s (CAP) service area of Maricopa, 
Pinal and Pima counties, assuming CAP is the entity that acquires, 
develops and delivers those supplies. 
The volume of water that will cover an area of 1 acre to a depth of 1 
foot. 1 .O acre foot equals approximately 325,851 gallons. 
An engineered mercury control system from which powdered activated 

Acquisition, 
Development and 
Deliver Water 
Program (ADD) 

Acre-foot 

Activated Carbon 
Injection System 
(ACI) 

carbon (PAC) is pneumatically injected from a storage silo into the flue 
gas ductwork of a cod-fired power plant or industrial boiler. The PAC 
adsorbs the vaDorized mercuni from the flue gas and is then collected 
with the fly ash in the facility’s particulate collec>on device.65 
An ADEQ program designed to protect the quality of Arizona drinking 
water. Includes two key requirements: (1) meet Aquifer Water Quality 
Standards at the Point of Compliance; and (2) demonstrate Best 
Available Demonstrated Control Technology. 

Arizona The official compilation of rules that govern the state of Arizona’s 
Administrative Code agencies, boards, and commissions. 

Arizona Corporation The Arizona Corporation Commission is comprised of five publically- 
Commission (ACC or elected persons who have full power to make reasonable rules, 
Commission) regulations and orders by which public service corporations shall be 

governed in doing business within the state of Arizona. 
Arizona Department Administers a variety of programs to improve the health and welfare of 
of Environmental citizens and ensure the quality of Arizona’s air, land, and water resources 
Quality (ADEQ meet healthful, regulatory standards. 
Attainment Any area that meets the national primary or secondary ambient air 

quality standard for a pollutant. 
Baghouse An air pollution abatement device that traps particulates (dust) by 

forcing gas streams through large filter bags, usually made of fiberglass 
or other synthetic fabrics and coatings. 

Base Case Portfolio Portfolio of resources assuming the Four Corners transaction is 
consummated. 

Baseload Plant An electric generating plant devoted to the production of electricity on a 
relatively continuous basis. Baseload plants are typically operated for 
the majority of the hours during a given year and are taken off-line 
relatively infrequently. Baseload plants usually have a low variable 
production cost relative to other production facilities available to the 
system. 
Under the Clean h r  Act, states must require the installation of the best 
retrofit emission controls available as part of state strategies for meeting 
the regional haze rule. The BART requirement applies to facilities built 
between 1962 and 1977 that have the potential to emit more than 250 
tons a year of visibdity-impairing pollution. 

Aquifer Protection 
Program in Arizona 

Best Available Retrofit 
Technology PART) 

65 http://www.adaes.com/mercury/acis/ 

http://www.adaes.com/mercury/acis
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Biogas Otherwise known as biomass gas, a medium Btu gas containing 
methane and carbon dioxide, resulting from the action of 
microorganisms on organic materials such as a landfill. 
Organic non-fossil material of biological origin constituting a renewable 
energy source that can be either processed into synthetic fuels or burned 
directly to produce steam or electricity. 
Used to describe the heat content of fuel. The price of fuel is typically 
expressed in terms of dollars per million Btu (or f/MMBtu). 
A type of engineered mercury control system used to control mercury 

The cost of producing electricity and delivering it to the transmission 

Biomass 

British Thermal Unit 

Brominated Activated 
Carbon Injection emissions. 
Busbar Costs 

system at the power-plant busbar. Includes construction, fuel, and 
operating and maintenance costs. 
An approach used to control emissions by providing economic 
incentives for achieving reductions. A central authority (usually a 
government or international body) sets a limit or cap on the amount 
that can be emitted. Companies or other groups are issued emission 
permits and are required to hold an equivalent number of allowances (or 
credits) which represent the right to emit a specific amount. The total 
amount of allowances cannot exceed the cap, limiting total emissions to 
that level. Companies that need to increase their emissions must buy 
allowances from those that emit less. The transfer of allowances is 
referred to as a trade. In effect, the buyer is paying a charge for 
emitting, while the seller is being rewarded for having reduced emissions 
by more than was needed. 
The maximum amount of electricity a generation source can produce in 
any given moment. Capacity is usually measured in units of megawatts. 
It should be noted that most generation sources are not operated at 
their maximum capacity rating during all hours that they are generating 
elecmcity. See Capacip Factor 
A value used to express the average production level of a generating 
unit over a given period of time. Capacity factor is expressed as a 
percentage of the maximum possible production if the generating unit 
had operated at its maximum capacity rating for all hours during the 
period. For example, a generating facility which operates at an average 
of 60% of its maximum capacity over a measured period has a capacity 
factor of 60% for that period. 
A resource’s ability to reliably serve load during APS’s top 90 load 
duration hours. Capacity value is calculated by dividing the average net 
capacity of the resource during APS’s top 90 load hours by the 
resource’s maximum hourly capacity. 
A technology under development to limit emissions of carbon by 
capturing and storing it away from the atmosphere. 
A naturally occurring gas, and also a by-product of burning fossil fuels 
and biomass, as well as land-use changes and other industrial processes. 
It is the principal greenhouse gas that affects the Earth‘s radiative 

Cap and Trade 

Capacity 

Capacity Factor 

Capacity Value 

Carbon Capture & 
Sequestration (CCS) 
Carbon Dioxide 
(CO4 

balance. See Greenhouse Gas, Emissions 
A colorless, odorless, toxic gas produced by the incomplete combustion Carbon Monoxide - -  

(CO) of carbon-containing substances. One of the major air pollutants, it is 
emitted in large quantities by exhaust of gasoline-powered vehicles. 

Carrying Charges Annual costs associated with investment in assets including 
depreciation, debt interest, equity return, income taxes, and property 
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Cascadmg The uncontrolled successive loss of system elements triggered by an 
incident at any location. Cascading results in widespread service 
interruption, which cannot be restrained from sequentially spreading 
beyond an area predetermined by appropriate studies. 
Methods for identifjmg the hourly pattern of electricity demand for 
groups of customers with similar characteristics. 
The primary federal law enacted by the U.S. Congress to govern the 
regulation of emissions into the atmosphere on a national level. The 
primary responsibility for administering the CAA was given to EPA 
which develops and enforces regulations to protect the general public 
from exposure to airborne contaminants. 
Referred to as coal ash, CCRs are currently considered exempt wastes 

Class-Based Hourly 
Load Models 
Clean Air Act (CAA) 

Coal Combustion 
Residual (CCR) under the Beville amendment to the Resource Conservauon and 

Recovery Act (RCRA). They are residues from the combustion of coal 
in power plants and captured by pollution control technologies, such as 
scrubbers. 
Shows the impact of retiring all of APS’s coal-fired generation during Coal Retirement 

Portfolio the Planning Period. 
Combined Cycle (CC) Twin-stage natural gas-fired power plants that deliver higher fuel - - - 

efficiency. In the fitst stage, a gaseous fuel source (natural gas, gaseous 
coal, etc,) is combusted in a gas turbine. The turbine is used to drive an 
electric generator. In the second stage, waste heat is captured from the 
gas turbine’s hot exhaust gases in a heat recovery steam generator 
(HRSG). The steam that is produced in the HRSG is used to drive a 
steam turbine and produce additional electricity. This beneficial use of 
the residual heat content in the gas turbine’s exhaust stream contributes 
to the excellent fuel efficiency of the combined cycle power plant. 
Also referred to as a simple cycle gas turbine, these electric generators 
operate on a principle similar to the engines on jet airplanes. Ambient 
air is compressed to high pressures in the compressor section of the 
machine. A gaseous fuel source is added to this compressed air and 
combusted in the combustor section. The resulting hot gases are then 
expanded through a turbine section that provides the driving force for 
both an elecmc penerator and the ComDressor section. 

Combustion Turbines 
(C?3 

Commercial 
Operation Date 
(COD) 
Commodity Hedging See Hed’ng 
Strategies 
Compact Fluorescent 
Lamp (CFL) 

ComDetitive 

The date when an operating utility formally declares a new generation 
resource to be available for the regular production of electricity. 

A type of fluorescent lamp. Compared to incandescent lamps giving the 
same amount of visible light, CFLs use less power and have a longer 
rated life. 
Any solicitation process initiated to meet APS energy requirements. The 

Procurement 
Procedure 

-, I 

Competitive Procurement Process shall include, as appropriate, 
preparing and conducting the solicitation, bid evaluation and selection, 
and negotiating the definitive agreement(s), but shall not include 
management or implementation of such agreement(s) after their 
execution. 
Technologies that concentrate solar energy to generate electricity. This 
class of solar technologies includes solar trough, power towers, dish 
Stirling, and concentrating photovoltaics. 
Statistical approach that allocates total household electricity demand 
during a period into components associated with a particular electricity- 
using appliance or end-use. 

Concentrated Solar 
Power 

Conditional Demand 
Analysis (CDA) 
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Consumption energy 
Use) 

Conventional 
Resources 
Cooling Degree-day 

The total amount of electricity consumed over a period of time. 
Consumption varies from demand in that demand is the rate at which 
electricity is being used at any one given time. 
Conventional generating resources include a broad class of technologies 
that use coal, nuclear, natural gas, or fuel oil to generate electricity. 
A measure of how warm a location is over a period of time relative to a 
base temperature, most commonly specified as 65 degrees Fahrenheit. 
The measure is computed for each day by subtracting the base 
temperature (65 degrees) from the average of the day’s high and low 
temperatures, with negative values set equal to zero. Each day’s cooling 
degree-days are summed to create a cooling degree-day measure for a 
specified reference period. Cooling degree-days are used in energy 
analysis as an indicator of air conditioning energy requirements or use. 
Time-of-use rate plan (also known as Peak Event Pricing) that provides Critical Peak Pricing 
an extremely high price signal during a limited number of hours on 
critical days (such as periods of high electrical demands, extreme - 
temperatures, system outages, or other abnormal grid-related events). 
The average outage duration for those customers experiencing an Customer Average 

Interruption Duration outage. 
Index (CAIDI) 
Customer Resources Resource options which rely upon active participation by customers to 

produce either a reduction in energy consumption or peak demand. 
These customer-side resource programs include energy efficiency 
programs, demand response programs, and alternative rate schedules. 
Energy efficiency programs are directed at achieving reductions in 
customer energy consumption through more efficient equipment or 
improvements to a building’s thermal envelope. Demand response 
programs generally target reductions during the highest usage periods of 
the year through special rate schedules (such as time-of-use prices), 
energy storage options, or other similar programs. 
Provides the buyer of the option with the right, but not the obligation, Day-Ahead Call 

option to receive a predetermined amount of electric energy during a specified 
delivery period. The buyer usually pays a reservation fee (referred to as 
the option premium) to the seller to obtain this right. When the buyer 
exercises the right to receive energy, the buyer also pays the seller for 
the energy received based upon a predetermined price or formula. 
These call option contracts also specify how much advance notice the 
buyer must provide to the seller in order to receive energy. With a “day- 
ahead” option, the buyer must provide this notice on the day prior to 
receiving the energy. 
Trader that engages in forward markets that cover a 24-hour period in 
advance of a given day. 
Refers to the cost of power produced by a generating unit (or a 
purchased power contract) where the cost of delivering the electric 
power from the generating source to the load center (area of customer 
consumption) has also been included in the cost. 
The rate at which electricity is being used at any given time. Demand 
differs from energy use, which reflects the total amount of electricity 
consumed over a period of time. 
Mechanisms designed to provide incentives to customers to reduce their 
load in response to high electric market prices or electric system 
reliability concerns. Demand response measures could include direct 
load control programs, such as cychg of air conditioner load, or 
customer-initiated load reductions. Price response programs include 
real-time pricing, dynamic pricing, critical peak pricing, time-of-use 
rates, and demand bidding or buyback programs. 

Day-Ahead Trader 

Delivered Cost 

Demand 

Demand Response 
P R )  
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Demand-Side 
Management (DSM) 

The planning, implementation, and monitoring of utility activities 
designed to encourage residential and business customers to modify 
patterns of electricity usage, including the timing and level of electricity 
demand. 

Discount Rate An interest rate used to convert future cash flows to mesent values. 
Dispatchable Generating units (or purchased power contracts) whose rate of power 

production can be adjusted or vaned based upon economic or other 
considerations. Different types of generating units have varying degrees 
of dispatchability either for technical or economic reasons. 
A term referring to a small generator, typically 10 megawatts or smaller, 
that is sited at or near load, and that is attached to the distribution grid 
or the customer's electrical system. Distributed generation can serve as 
a primary or backup energy source and can use various technologies, 
including combustion turbines, reciprocating engines, fuel cells, wind 
generators, and solar photovoltaics. 
The delivery of energy to retail customers. 
The typical steam power plant requires cooling water to improve overall 
cycle efficiency by returning the exhaust steam to a liquid state that can 
then be returned to the boiler to produce more steam. In a dry-cooled 
power plant, the exhaust steam is cooled by use of air-cooled 
condensers thereby eliminating the use of water from this portion of the 
power production process; however, the air-cooled condensers are more 
expensive and overall plant efficiency is reduced versus water-cooled 
plants. 
Combustion system method of reducing NOx emissions by pre-mixing 
air and fuel prior to ignition. 
Annual filng required for compliance with the Arizona Corporation 

Distributed Energy 

Distribution 
Dry Cooling 

Dry Low NOx 

DSM Implementation 
Plan Commission's Electric Energy Efficiency Standards, codified at A.A.C. 

RI4-2-2401, which includes the implementation strategy APS will use to 
achieve comdiance with the EE Standard. 

Effluent Wastewater, treated or untreated, that flows out of a treatment plant, 
sewer, or industrial outfall. Generally refers to wastes discharged into 
surface waters. 

Electric Generating 
Units (EGU) 
Emissions 

A solid fuel-fired steam generating unit that serves a generator who 
produces electricity for sale to the electric grid. 
Discharges into the atmosphere from stacks, other vents, and surface 
areas of commercial and industrial facilities; from residential chimneys; 
and from motor vehicle, locomotive, or aircraft exhaust. 
The amount of electricity a generation resource produces, or an end 
user consumes, in any given period of time. It is usually measured in 
units of kilowatt-hours, megawatt-hours, or gigawatt-hours. 
In the context of resource planning, energy efficiency refers to actions 
taken by consumers to reduce their overall consumption of electric 
energy. These reductions could be the result of installation of more 
efficient equipment, improvements to the thermal envelopes of 
structures, or behavioral changes. Energy efficiency improvements can 
be encouraged through utility-sponsored programs, mandated by 
budding codes or other standards or simply implemented by the 

Energy 

Energy Efficiency 

customer. 
Requirement codified in A.A.C. R14-2-2404 to achieve an accumulated 
energy savings equivalent to 22% of retail sales by the year 2020. 

Energy Efficiency 
Standard (EE 
Standard) 
Energy Savings A reduction in the amount of electricity used by end users as a result of 

participation in energy efficiency programs and load management 
Dromams. 
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Engineer-Procure- 
Construct (EPC) 
Enhanced Renewable 
Portfolio 
Environmental 
Impact Statement 
(EIS) 
Environmental 
Protection Agency 

A form of contracting arrangement in which the contractor will design 
the installation, procure the necessary materials, and construct it. 
Portfolio that relies on 30% renewable energy (after the impacts of 
energy efficiency and distributed energy) as part of the resource mix. 
The statement required of federal agencies by Section 102 (C) of the 
National Environmental Policy Act of 1969 for major Federal actions 
that may significantly affect the quality of the human environment. 
A governmental agency established in 1970 to research, monitor, 
establish standards, and enforce activities to establish a cleaner, healthier 
environment. 

' 

~~ ~ 

Externalities Occurs when an entity is engaged in an activity that creates harm or 
benefits for others as a byproduct, but that entity does not pay the costs 
of, or receive compensation for, the harm or benefits created. An 
examde would be water use and water consumthon. 

Federal Energy 
Regulatory 

A governmental agency that regulates the interstate transmission of 
natural gas, oil, and electricity and wholesale power transactions. FERC 

Commission 
Federal Poverty 

also regulates natural gas and hydropower projects. 
Issued each year in the Federal Register by the Department of Health 

Guidelines and Human Services. The guidehes are a simplification of the poverty 
thresholds for use for administrative purposes - for instance, 
determining financial eligibility for certain fedeial programs. 

Flue Gas Equipment, also known as scrubbers, used to remove sulfur oxides 
Desulfurization from the combustion gases of a boiler plant before discharge to the 
(FGD) atmosphere. Chemicals such as lime are used as scrubbing media. 

Scrubbers are also used to capture particulates. 
Force Majeure Disruptions in service caused by natural disasters (earthquakes, 

hurricanes, floods, etc.); wars, riots, or other major upheaval; or, 
performance failures of parties outside the control of the contracting 
party. 
Assumes the Four Corners transaction is not consummated, resulting in 
plant closure. Energy is replaced with natural gas-fired generation. 
Energy produced below the Earth's crust in a layer of hot and molten 
rock called magma, heating nearby rock and water that has seeped deep 
into the Earth. At geothermal power plants, wells are drilled into the 
rock to more effectively capture the hot water and steam to be used to 
drive electric generators. 
Established by the US. Congress to assess the potential impacts of 
projected growth on atmospheric visibility at Grand Canyon National 
Park and to make recommendations to EPA on what measures could be 
taken to avoid such adverse impacts. 
A collection of gaseous substances, primarily consisting of carbon 

Four Corners 
Contingency Portfolio 
Geothermal 

Grand Canyon 
Visibility Transport 
Commission 

Greenhouse Gas 
&oxide, methane, and nitrogen oxides, which have been shown to warm 
the earth's atmosphere by trapping solar radiation. Greenhouse gases 
also include chlorofluorocarbons, a group of chemicals used primarily in 
cooling systems and which are now either outlawed or severely 
restricted by most industrialized nations. 
An interconnected network of electric power transmission lines. The 
United States power grid, which covers most of the country as well as 
parts of Canada and Mexico, is made up the Eastern Interconnection, 
Western Interconnection, and Texas Interconnection. These networks 
include extra-high-voltage connections between individual utilities, 
which transfer electrical energy from one part of the network to 
another. The Interconnects distribute electricity in their respective areas 
via a network of smaller units that enable better management of power 
distribution. 

Power) Grid 

I174 
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Hazardous Air 
Pollutants (HAP) 
Heat Rate 

Substances covered by air quality criteria, which may cause or contribute 
to illness or death. 
A measure of the amount of thermal energy required to produce a given 
amount of electric energy. It is usually expressed in British thermal 
units per kilowatt-hour (Btu/kWh). The performance of a power plant 
is measured by its fuel consumption rate (Btu/hr) and the 
corresponding amount of electric energy generated; thus, heat rate can 
be used to indicate the efficiency with which thermal energy is 
converted into electric energy. 
A measure of how cold a location is over a period of time relative to a 
base temperature, most commonly specified as 65 degrees Fahrenheit. 
The measure is computed for each day by subtracting the average of the 
day's high and low temperatures from the base temperature (65 
degrees), with negative values set equal to zero. Each day's heating 
degree-days are summed to create a heating degree-day measure for a 
specified reference period. Heating degree-days are used in energy 
analysis as an indicator of space heating energy requirements or use. 
Technology which provides indoor air comfort. 

Heating Degree-day 

Heating, Ventilating 
and Air Conditioning 
(HVAC) 
Hedging The attempt to eliminate at least a portion of the risk associated with 

owning an asset or having an obligation by acquiring an asset or 
obligation with offsetting risks. For example, a company that has an 
obligation to purchase fuel oil in six months may want to eliminate the 
risk that prices wiU increase before that time. In this case, the company 
could hedge, or reduce, that risk by purchasing a futures contract that 
provides the right to purchase fuel oil at a fBed price. Any profit or loss 
on the futures contract should offset the effects of higher or lower oil 
brices at the time the comDanv needs to buv oil. 

Hg (Mercury) See Mercury 
Hub In the context of the electric grid, a hub is a location on the 

transmission network having a high concentration of interconnected 
transmission lines, generating sources, and/or counterparties willing to 
transact power trades such that this becomes a location having a great 
deal of commercial activity. 
A type of technology that utilizes a combination of water cooling and 
dry coohg techniques. The relative contribution from each is 
dependent upon the plant design, weather conditions, and water 
consumption policies. See also Dry Cooling. 
Appointed by APS under a scope of services agreement to certify that 
the RFP process is fair, transparent, equitable among bidders, and 
conducted in accordance with ACC R14-2-705 and the Competitive 
Procurement Process for renewable energy. 
A power generation technology which allows a reduction of emissions 
by combining two technologies: (1) coal gasification, which uses coal to 
create a clean-burning gas; and, (2) combined cycle generation. 

Metric employed to characterize the emission of pollutants, relative to 
the power produced. For example, tons of COZ emitted per MWh or 
gallons of water used pet MWh can be used to help characterize the 
energy intensity of the system resources independent of load growth. 
A connection between two electric systems permitting the transfer of 
electric energy in either direction. Additionally, an interconnection refers 
to the facilities that connect a generator to a system. 

Hybrid Cooling 

Independent Monitor 

Integrated 
Gasification 
Combined Cycle 
(IGCC) 
Intensity 

Interconnection 
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Intermediate Resource Generation resources that usually fulffl a somewhat flexible role in the 
generating system. During some times of the year, these generating 
units will be started in the morning hours, used to meet d a p e  peak 
loads and then brought off-line in the evening. The operation may 
change during heavier load times of the year when these units may 
operate in more of a baseload manner and remain on-line for all hours 
of the day. ’ 

Generating resources that have some degree of variabdity in the 
production pattern, typically due to weather conditions. An example of 
an intermittent generating source is a wind project. The power output 
from the wind project is entirely dependent upon the wind conditions 
and will fluctuate with changes in wind conditions. 
Allows taxDavers to take a dollar-for-dollar reduction in the amount of 

Intermittent Resource 

Investment Tax Credit 
I ,  

federal income taxes that must be paid. Certain qualified facilities are 
characterized as energy p r o p e q  and are eligible for a 10% or 30% ITC, 
depending on the technology. A taxpayer cannot take both an ITC and 
PTC for a facility that could qualify for both; one must elect to receive 
either an ITC orPTC for eackprojkct. 
Unit of measure for demand. One thousand Watts. 
Unit of measure for energy. The equivalent of one thousand Watts used 
steadily for one hour. 
Gas that is generated by decomposition of organic material at landfd 
disposal sites. The methane in landfill gas may be vented, flared, 
combusted to generate electricity, or used as thermal energy on-site. 
A semiconductor light source increasingly used for lighting. LEDs 
present many advantages over incandescent light sources including 
lower energy consumption, improved robustness, smaller size, faster 
switchine. and meater durabilitv and reliabilitv. 

Kilowatt (kW) 
Kilowatt-Hour (kwh) 

Landffl gas 

Light-Emitting Diode 
(LED) 

Load 

Load Center 
Load Pocket 

The moment-to-moment measurement of the power requirement in the 
entire system. 
A point at which the load of a given area is assumed to be concentrated. 
A geographic area that has a high demand of energy constrained by 
transmission import limitations. For example, the metro Phoenix area is 
considered a load pocket. 
Presents the annual expected resource needs and additions. 

Analysis performed to measure the ability of a system to reliably 
maintain service to load. 
Total electric energy losses during the hour of greatest energy demand. 
The losses consist of transmission, transformation, and distribution 
losses between supply sources and delivery points. Electric energy is 
lost primarily due to heating of transmission and distribution equipment 
(wire, transformers, etc.). 

A type of burner that is typically used in utility boilers to produce steam. 
Air used for combustion is split into two or more parts. The initial 
combustion, which occurs at a high temperature, takes place in an 
oxygen-deficient condition to form molecular nitrogen (N 2) instead of 
NOx. Further down the flame, additional air is added to complete the 
combustion after the nitrogen has been driven out of the coal as Nz. 

Loads & Resources 
Table 
Loss of Load 
Probability (LOLP) 
Losses on Peak 

Low NOx Burner 
P B )  
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Lowest Achievable 
Emission Rate 

The most stringent emission limitation derived from either of the 
following: (a) the most stringent emission limitation contained in the 
mplementation plan of any State for such class or category of source; 
or, (b) the most stringent emission limitation achieved in practice by 
such class or category of source. The emissions rate may result from a 
combination of emissions-limiting measures such as: (1) a change in the 
raw material processed; (2) a process modification; and, (3) add-on 
controls. 
A day in which the daily SAID1 exceeds a threshold value. 
Any physical change or change in the method of operation of a major 
stationary source that would result in a significant net emissions increase 
of any pollutant subject to regulation under the Clean Air Act. 
Facilities that emit, or have the potential to emit, 10 tons per year of 
certain toxic air pollutants, or 25 tons per year of a mixture of air toxics. 
These sources may release air toxics from equipment leaks, when 
materials are transferred from one location to another, or during 

P E R )  

Major Event Day 
Major Modification 

Major Sources 

discharge through emission stacks or vents. 
The standards which are established by EPA to require the maximum Maximum Achievable 

Control Technology degree of emission reduction that EPA- deternines to be achievable for 
hazardous air pollutants. These standards are authorized by Section 112 
of the Clean Air Act. 

wc?3 
_ _  - . 

Megawatt 0 
Megawatt-Hour 

One megawatt equals one d o n  watts. See Watt 
One million watt-hours See Wutt-Hour 

Mercury A naturally-occurring element that i s  found in air, water and soil. Coal 
contains mercury and when coal is burned, mercury is released into the 
environment. 
A rating for each generating unit that specifies the maximum expected 
output of the generating unit. This nameplate rating could be 

Nameplate Rating 

dependent upon specified conditions (like ambient temperature). 
The standards established by EPA under authority of the Clean Air Act National Ambient Air 

Quality Standards 

National 
Environmental Policy 
Act (NEPA) 
Net Dependable 
Capacity 

Net Present Value 

that apply to outdoor air throughout the country. Primary standards are 
designed to protect human health, with an adequate margin of safety. 
Establishes a process by which federal agencies must study the 
environmental effects of their actions, so these effects can be taken into 
consideration during federal decision-making. 
The maximum capacity a generating unit can sustain over a period of 
time less the unit capacity (MW) utilized for the unit’s station service or 
auxiliaries. 
Method for evaluating the cost or profitability of an investment. 
Individual future cash amounts are discounted back to their present 
values and then summed. 
Pollution control standards issued by the Environmental Protection 

(NUQS) 

(Npv) 

New Source 
Performance Agency. 
Standards (NSPS) 
New Source Review A permitting program that was established by Congress as part of the 

1977 Clean Air Act Amendments. NSR is a preconstruction permitting 
program to ensure air qualtty is not significantly degraded from the 
addition of new and modified factories, boilers, and power plants and 
that advances in pollution control occur with industrial expansion. 
Compounds of nitrogen and oxygen formed by combustion under high 
temperature and high pressure and a major contributor to the formation 
of ozone. 
Any area that does not meet (or that contributes to ambient air quality 
in a nearby area that does not meet) the national primary or secondary 
ambient air quality standard for the pollutant. 

( N W  

Nitrogen Oxide 
P O X )  

Non-Attainment Area 
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Nonattainment New 
Source Review 
( N N W  

Applies to new major sources or major modifications at existing sources 
for pollutants where the area the source is located is not in attainment 
with the NAAQS. NNSR requirements are customized for the non- 
attainment area. All NNSR programs have to require: (1) the installation 
of the lowest achievable emission rate; (2) emission offsets; and, (3) 
opportunity for public involvement. 
An energy resource that is replaced rapidly by a natural, ongoing process 

Renewable Energy that is not nuclear or fossil fuel and is not located at the customer site. 
Non-Spinning A generating reserve not connected to the system but capable of serving 
Reserves demand within a specified time. 
North American NERC is a non-government organization which has statutory 
Electric Reliability responsibility to regulate bulk power system users, owners, and 
Corporation (NERC) operators through the adoption and enforcement of standards for fair, 

ethical, and efficient practices. 
Nuclear Regulatory The federal agency responsible for the regulation and inspection of 
Commission (NRC) nuclear power plants to assure safety. 
Nuclear Fuel Fissionable materials of such composition and enrichment that when 

placed in a nuclear reactor will support a self-sustaining fission chain 
reaction and produce heat in a controlled manner for process use. 
Period of relatively low system demand. These periods often occur in 
daily, weekly, and seasonal patterns. 
Periods of relatively high system demand. These periods often occur in 
daily, weekly, and seasonal patterns. 
Actions taken after construction to ensure that facilities constructed will 
maintain performance by being properly operated and maintained to 
achieve normative efficiency levels in an optimum manner. 
The air pressure in a boiler furnace during occurrence of the main 
flame. 
Ozone, the triatomic form of oxygen ( 0 3 ) ,  is a gaseous atmospheric 
constituent. In the troposphere, it is created both naturally and by 
photochemical reactions involving gases resulting from human activities 
(photochemical smog). The layer of ozone that begins approximately 
15 km above Earth and thins to an almost negligible amount at  about 50 
km, shelds the Earth from harmful ultraviolet radiation from the sun. 
An energy hub (see Hub) in the area of PVNGS located west of 
Phoenix, Arizona, where numerous regional counterparties engage in 
power transactions which form the basis for various indices. For 
example, the Dow Jones Palo Verde Electricity Price Indexes are 
volume-weighted averages of specifically-defined bilateral, wholesale, 

’ Non-distributed 

Off-peak 

On-Peak 

Operation &? 
Maintenance (OBM) 

Over-fire Air (OFA) 

Ozone 

Palo Verde Hub 

and physical transactions in the hub quoted in either $/MWh or $/MW. 
The greatest demand that occurred or is expected to occur during a Peak Demand - 
prescribed time period. 
An option for demand response pricing which will provide a rebate to 
customers who reduce usage during critical peak hours. 
Technologies used to respond to high customer demands during the hot 
summer afternoons. These could include combustion turbines and DR 

Peak Time Rebates 

Peaking Resources 

measures and may include short-term market purchases. 
These generation units usually see relatively infrequent service during Peaking Units 
the non-summer months. During the summer, peaking units are use: 
during the hot summer afternoons in response to high customer 
demands. It is not unusual for peakmg units to operate less than 10% 
of the hours during the year. 
The technology used to convert the sun’s rays chrectly into electricity. 
For the purpose of this ffing, the timeframe of 2012-2027. 

Photovoltaic 
Planning Period 
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PM2.5 Very small pieces of solid or liquid matter which are less than 2.5 
micrometers in diameter. Sources of fine particles include all types of 
combustion, including motor vehicles, power plants, residential wood 
burning, forest fires, agricultural burning, and some industrial processes. 
Particles with diameters that are 10 micrometers or smaller. Sources of 
particles include combustion, crushing or grinding operations, and dust 
from paved or unpaved roads. 
Federal hydropower and resources from the Colorado River system. 
EPA program in which state and/or federal permits are required in 
order to restrict emissions from new or modified sources in places 
where air quality already meets or exceeds primary and secondary 
ambient air quality standards. 
Mows a tax credit for the generation of qualified energy from qualified 

PM10 

Preference Power 
Prevention of 
Significant 
Deterioration (PSD) 

Production Tax Credit 
facilities. The PTC amounts, credit periods, and definitions of qualified 
facilities are technology-specific. Qualified energy resources include: 
wind, closed-loop biomass, open-loop biomass, gothermal, solar, small 
irrigation power, municipal solid waste, qualified hydropower 
production, and marine and hydrokinetic renewable energy. A taxpayer 
cannot take both an ITC and a PTC for a facility that could qualify for 
both - one must elect to receive either an ITC or PTC for each project. 
A generator and portfolio modeling system developed by Ventyx which 
incorporates extensive details in generating unit operating 
characteristics, transmission grid topology and constraints, unit 
commitment/operating conditions, and market system operations. 
A contractual agreement between two entities for the sale of electric 

PROMOD IV 

Purchased Power 
Agreement (PPA) energy and capacity from a specific generating unit, utility system, or 

unsnecified wholesale market sources. 
Real-Time Operations Operational activity which manages the economic commitment of 

APS's generation resources to match the system load on a real-time 
basis. Requires making decisions to optimize system operation to 
provide lowest cost, reliable power to APS customers. 
Individuals involved solely in commodity trading of power, specifically Real-Time Traders 
electricity. 
Requirements established by EPA to address source-by-source visibility Regional Haze Rule 
impairment. 

Regression Models A statistical technique used to find relationships between variables for 
the purpose of predicting future values. 

Renewable Energy An energy resource that is replaced rapidly by a natural, ongoing process 
and that is not nuclear or fossil fuel. 

Renewable Energy Requirement codified at A.A.C. R14-2-1804 which requires regulated 
Standard (RES) electric utilities within Arizona to generate 15 percent of their energy 

from renewable resources by 2025. 
Renewable Energy Requirement for Arizona's regulated utility companies to file annual 
Standard implementation plans describing how they will comply with the - .  

Implementation Plan 
Renewable 

ReLewable Energy Standard rules- 
Resulted from ACC Commission Order 70635, which directed regulated 

Transmission Action 
Plan (RTAP) 
Request for Proposal 

utilities to identify renewable transmission projects in their service 
territory to advance renewable resource expansion. 
A competitive solicitation for suppliers, often through a bidding 

(RFP) 
Residential Direct 

process, to submit a proposal on a specific commodity or service. 
Demand response programs where the utility or a third-party contractor - -  

Load Control can remotely control customer-specific loads and reduce or cycle the 
energy consumption for a specified period of time. 
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Resource 
Conservation and 
Recovery Act 

Gives EPA the authority to control hazardous waste from the "cradle- 
to-grave.'' This includes the generation, transportation, treatment, 
storage, and disposal of hazardous waste. RCRA also set forth a 
framework for the management of non-hazardous solid wastes. 
Codified at A.A.C. R14-2-703, the Resource Planning Rules require 
regulated electric utilities to file a plan for future generation needs. 
A M U ~  revenue level required to supply customers energy needs, 

Resource Planning 
Rules 
Revenue 
Requirements 

.~ - 
including: (1) carrylng charges on existing and future generation, future 
transmission over and above APS Ten Year Transmission Plan, and 
capital expenditures on existing generation; (2) fuel costs; (3) purchase 
power costs; (4) operating and maintenance costs for existing and future 
generation; (5) energy efficiency program and incentive costs; (6) 
distributed energy program and incentive costs; and, (7) power plant 
emissions costs including SO2 and Con. Revenue requirements as used 
in the resource plan f h g  do not include costs associated with existing 
transmission, existing and future distribution, or sales tax on retail 
electric sales. 
A post-combustion pollution control technology that removes NOx 
emissions from an air stream. Ammonia ("3) is injected into the flue 
gas downstream from the combustion process and upstream from a 
catalyst bed. The NH3 reacts with the NOx on the catalyst surface to 
form nitrogen (Nz) and water vapor (HzO). 

Generation resource with a capacity of less than 20MW. 
Technology that provides real-time linkage and control between the 
utility, the consumer, and the consumer's various loads inside their 
home. 
A variant of the Total Resource Cost Test. It measures the impacts of 
DSM on society as a whole by including externality costs of power 
generation not captured by the market. 
A method of generating electrical Dower bv converting. solar radiation 

Selective Catalytic 
Reduction Controls 

Simple Cycle See Combustion Turbine 
Small Generation 
Smart Home 
Applications 

Societal Cost Test 
(SCT) 

Solar Photovoltaic 
v Y 0 

(PV, or Solar PV) 
Solar Thermal 
Southern California 

directly into electricity. 
A method for harnessing solar energy for thermal energy. 
One of the largest electric utilities in California, serving more than 14 

Edison (SCE) d o n  people-in a 50,000 square-mile area of cent& coastal and 
Southern California, excluding the City of Los Angeles and certain other 
cities. 

Southwest Reserve A NERC-registered entity. SRSG participants share contingency 
Sharing Group 
(SRSG) 

reserves to maximize generator dispatch efficiency and contribute to 
electric reliabilitv in the Western Interconnection. 

Spinning Reserves Available generating capacity that is synchronously connected to the 
electric grid and capable of automatically responding to frequency 
deviations on the system. 
A commodities or securities market in which goods are sold for cash 
and delivered immediately. 
Customer-owned generation resources, typically diesel- or gas-fired, that 
provide customers with a guaranteed source of power in the event that 
either power quality or reliability issues occur with their local utility. 
Plans developed by state and local air quality management agencies and 
submitted for approval to EPA to comply with the federal Clean Air 
Act. 
A colorless gas of compounds of sulfur and oxygen that is produced 
primarily by the combustion of fossil fuel. 

Spot Market 

Standby Generation 

State Implementation 
Plan (SIP) 

Sulfur Dioxide (SOz) 

Summer Peak See P P ~  T)Pmnnd 
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System Average 
Interruption Duration 
Index (SAID0 
System Average 
Interruption 
Frequency Index 
(SAIFI) 
Tennessee Valley 
Authority P A )  
Thermal Energy 
Storage (TES) Cooling 
Programs 

Total Own Load Peak 

Total Resource Cost 
Test (TRCT) 

Transmission 

Used as a reliability indicator by electric power utilities. SAID1 is the 
average annual outage duration experienced by the average customer. 

Used as a reliability indicator by electric power utilities. SAIFI is the 
average annual outage frequency experienced by the average customer. 

A corporation owned by the U.S. government which provides electricity 
for 9 million people in parts of seven southeastern states. 
Systems that utilize a storage medium, such as chilled water or ice, 
which is “charged” during off-peak hours and then used as the coo@ 
energy source during on-peak hours, offsetting the need to operate 
high-demand refigeration equipment. 
The greatest demand for energy during a specified time period by 
customers that APS has a requirement to serve. 
Measures the net costs of a demand-side management program as a 
resource option based on the total costs of the program, including both 
the participants’ and the utility‘s. 
The transportation of bulk energy along a network or grid of power 
lines. It is often intended to refer specifically to high-voltage (69,000 
volts or higher) electricity of the type bought and sold on the wholesale 
market. An additional stage of service, referred to as distribution, is 
required to actually deliver usable low-voltage energy to an end-use 
customer. 
A resource that is sized to provide power to a utility and not directly to 
an on-site customer. 
Types of organic compounds which have significant vapor pressures 
(evaporate easily, forming a gas) and which can affect the environment 
and human health. 
Generally, those waters include the following: all waters which are 

Utility-Scale 

Volatile Organic 
Compounds (VOC) 

Waters of the United 
States currently used, or were used in the past, or may be susceptible to use in 

interstate or foreign commerce, inc ludq  all waters which are subject to 
the ebb and flow of the tide; all interstate waters; all other waters which 
could affect interstate or foreign commerce; tributaries of the above; 
and, wetlands adjacent to the above. 
The total amount of energy used in one hour by a device that requires 
one watt of power for continuous operation. Electric energy sold to 
retail customers is commonly measured in kilowatt-hours. 
The elecmcal unit of real power or rate of doing work; specifically, the 
rate of energy transfer equivalent to one ampere flowing due to an 
electrical pressure of one volt at unity power factor. 
Positive and negative effects on the quality of life of people. 
Westconnect is composed of utility companies providing electric 
transmission in the U.S. Members work collaboratively to assess 
stakeholder and market needs and develop cost-effective enhancements 
to Western wholesale electricity markets. 
The regional entity responsible for coordinaang and promoting bulk 
elecmc system reliability in the Western Interconnection. 

The interconnected electrical systems that encompass the region of the 
Western Electricity Coordinating Council of the North American 
Electric Reliabhty Council. The region extends from Canada to Mexico. 
It includes the provinces of Alberta and British Columbia, the northern 
portion of Baja California (Mexico), and all or portions of the 14 
western states in between. 

Watt-Hour 

Watt 

Welfare Effects 
WestConnect 

Western Electricity 
Coordinating Council 

Western 
Interconnection 

(WECC) 
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Wholesale Customer Any party who purchases electricity in bulk for resale to end-use 
customers. Wholesale customers may include marketers, utilities and 
distribution companies, co-ops, and any other entity engaged in energy 
resale. 
Wholesale energy sales can be made between producers, marketers, 
brokers, utility companies, and select high-volume, end-use customers, 
any of which is considered a wholesale supplier. The most common 
form of wholesale energy transaction is one made between energy 
producers or marketers and utility companies that serve the general 
public. 
Cooling water is continually reclaimed and reused, and no water is 
released to the environment. 

Wholesale Supplier 

’ 

Zero Liquid Discharge 
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Barclay Gibbs consults to electric utilities, power project investors, and large industrial users of 
electricity. Using CRA 3 proprietary North American Electricity & Environment Model (NEEM), Mr. 
Gibbs has evaluated the impact of various Federal and state policies on generation technology 
expansion plans, electricity prices, and generation asset value. He has evaluated the reliability 
implications of proposed federal air pollution regulations and forecasted SO2 and NOx prices 
under those regulations, forecasted prices for Renewable Energy Credits (RECs), assessed the 
costs and benefits of expanding transmission to access remote windpower, evaluated the 
producer and consumer impacts of proposed export tariff changes in a North American electricity 
market, and forecasted the fuel cost pass-through from a utility to a large industrial user of 
electricity. Recently, he has worked on a market power evaluation of various proposed allocation 
schemes under EPA’s proposed Clean Air Transport Rule (CATR). He also assessed the 
impacts of short-term coal market constraints on allowance prices under EPA 3 final Cross-State 
Air Pollution Rule (CSAPR). Prior to joining CRA International, Mr. Gibbs was a managing 
consultant in the Technology Strategy and Management Group at Navigant Consulting where he 
consulted on energy efficiency policy and bioenergy. Mr. Gibbs holds an M. S. in Technology & 
Policy from Massachusetts Institute of Technology, an M.A. in Applied Economics from Johns 
Hopkins University, an M. S. in Environmental Systems Engineering from Clemson University, and 
a B.S. in Chemical Engineering from Bucknell University. 

The conclusions set forth herein are based on independent research and publicly available 
material. The views expressed herein are the views and opinions of the author and do not reflect 
or represent the views of Charles River Associates or any of the organizations with which the 
author is affiliated. Any opinion expressed herein shall not amount to any form of guarantee that 
the author or Charles Rivers Associates has determined or predicted future events or 
circumstances, and no such reliance may be inferred or implied. The author and Charles River 
Associates accept no duty of care or liability of any kind whatsoever to any party, and no 
responsibility for damages, if any, suffered by any party as a result of decisions made, or not 
made, or actions taken, or not taken, based on this paper. Detailed information about Charles 
River Associates, a registered trade name of CRA International, Inc., is available at 
www.crai.com. 
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Introduction 

Description , 

Nations agree to voluntary 
reduction of emissions, with 
“common but differentiated 

Arizona Public Service (APS) is embarking on its 2012 Integrated Resource Planning 
(IRP) process. In early August 201 1, APS engaged Charles River Associates (CRA) to 
provide a review of recent Greenhouse Gas (GHG) policy developments and the current 
outlook for Federal C02 pricing. This policy paper reviews the major recent 
developments in GHG policy, discusses some of the more significant and recent 
legislative proposals to curb US. GHG emissions, and provides recommendations for 
C02 prices in the current APS IRP. 

Year Comment 
1992 This ‘‘Earth Summit” is 

often cited as the beginning 
of global climate policy 

Exhibit 1 summarizes some of the major historical elements of GHG policy development 
over the last 20 years, with particular emphasis on the more recent years. During the 
years 2007-2010, many federal legislative proposals addressing climate change surfaced. 
Since the summer of 2010, there has been almost no attention on federal climate change 
legislation. The policy debate in Washington has shifted more to EPA actions such as the 
Cross-State Air Pollution Rule (CSAPR), Air Toxics (formerly Utility MACT), once- 
through cooling regulations (316b), coal ash regulation, and EPA’s own regulation of 
GHGs. 

levels by 2012 
First major U.S. Climate Bill 

Exhibit 1. GHG Policy Timeline 

2003 Defeated in the Senate 55-43 

Event 
UN Framework Convention 
on Climate Change 
(UNFCCC), Rio de Janeiro 

Europe establishes a cap-and- 
trade system for C02, aimed 

Kyoto Protocol negotiated 

2005 Controversies over profits 
based on allocation scheme 

McCain (R-AZ) -Lieberman 
(D-CT) Climate Stewardship 

of $12/tonne of coz h. 
Highly prominent climate bill 
makes it to main Senate floor 
but dies in a procedural vote 

Act proposed in US Senate 
European Emissions Trading 

Oct 2007- 
June 2008 significant climate change 

June 2008 marks the end of 

debate during the Bush 
Administration 

System (ETS) begins 

California’s AB32 Policy 
signed into Law 

Specter (R-PA) propose the 
Low Carbon Economy Act 
of 2007 

Singaman (D-NM) - 

Lieberman (I-CT) -Warner 
(R-VA) Climate Security 
Act 

responsibilities” I I negotiation 
First Internationally Binding I 1997 I The Kyoto Protocol was 

cut emissions 5% below 1990 

Treaty; 160 Countries; 37 
Developed Nations agree to 

never submitted to the US 
Senate for ratification 

at K Y O L  compliancd 
Emissions reduction goals are I 2006 I Cap-and-trade start date was 
roughly in-line with Kyoto I I recently delayed until 2013 
Cap-and-trade climate bill I 2007 I Bill never made it out of the 
with a relatively low safety 
valve (called a Technology 
Accelerator Payment, TAP) 

Senate Environment and 
Public Works committee 
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Exhibit 1. GHG Policy Timeline (cont.) 

Fall 2009 

Dec. 2009 

April 2010 

May 2010 

June 2010 

RGGI Cap-and-Trade 
program begins 

Non-binding agreement on 
emissions targets. A 
significant outcome was 
$1 00B/yr pledged from rich 
countries to poor countries. 
Generally viewed as 
achieving less progress than 
anticipated. 
Symptomatic of intensifymg 
partisanship in Washington, 
particularly around 
regulation 

Nothing substantial 
happened with this proposal 

Climate change legislation 
takes a back seat to other 
priorities on Capitol Hill. 

Waxman (D-CA) -Markey 
(D-MA) American Clean 
Energy and Security Act 
(ACES) is passed by the 
House 
A bill competing with 
Waxman-Markey is 
introduced 
Conference of Parties 15 
(COP 15), Copenhagen 
Accord 

Negotiations on a grand 
compromise involving 
Senators Kerry (D-MA), 
Lieberman (I-CT), and 
Graham (R-SC) break down 
Kerry (D-MA) - Lieberman 
(I-CT) American Power Act 
is proposed 
Waxman (D-CA) -Markey 
(D-MA) American Clean 
Energy and Security Act 
(ACES) dies in the Senate 
The US House of 
Representatives becomes 
Republican-controlled and 
the Democratic majority in 
the Senate is weakened 

EPA prepares to regulate 
GHGs as part of NSPS 

10 Northeast states begin 
cap-and-trade policy that 
reduces emissions by 10% 
by 2018 

Kerry (D-MA) - Boxer (D- 
CAI 

High-profile, regular 
meeting of the Conference 
of the Parties to the 
UNFCCC 

Graham withdraws from 
negotiations, citing 
immigration politics 

The two senators move 
forward without Senator 
Graham 
Originally passed by the 
House in June 2009, the 
Waxman-Markey bill dies 
in the Senate 
Anti-regulation sentiment 
by incoming Republicans 
diminishes chances for 
comprehensive U.S. 
Climate policy, particularly 
under current economic 
conditions 

Fall 2008 

June 2009 

traded at the minimum 
reservation price in recent 
years. Gov. Chris Christie 
has recently announced 

I withdrawal of NJ. 
I Reflects optimism for US 

climate legislation in the 
early days of the Obama 
administration 

I 

Scheduled 
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Summary of Recent Greenhouse Gas Policy 
Developments 

Recent Federal Legislative Proposals 

Bingaman-Specter (S.1766, Low Carbon Economy Act of 2007) 
The Bingaman-Specter bill was introduced by Senators Jeff Bingaman (D-NM) and 
Arlen Specter (R-PA) in July 2007. The bill was more modest in its emissions reduction 
goals than many of the other major climate proposals. Its goals were to reduce economy- 
wide GHG emissions to 2006 levels by 2020 and to 1990 levels by 2030. In addition, the 
bill contained a cost-containment provision called the Technology Accelerator Payment 
(TAP) which was essentially a safety valve price of $12/tonne CO,,. starting in 2012, 
rising at 5% above inflation.' The TAP would have been paid into a fund that would 
have been used to hasten low-carbon technology development. 

The Low Carbon Economy Act of 2007 never made it out of the Senate Environment and 
Public Works Committee. 

Lieberman-Warner (S.2191, America's Climate Security Act) 
The Lieberman- Warner bill was a high-profile piece of legislation introduced by Senators 
Joseph Lieberman (I-CT) and John Warner (R-VA) during October 2007. It was later 
amended by the Boxer amendment (D-CA). The cap-and-trade policy would have 
covered more than 75% of U.S. GHG emissions, including the six major GHGs (COz, 
methane, nitrous oxide, sulfur hexafluoride, hydrofluorocarbons, and perfluorocarbons) 
emitted from the electric, industrial, and transportation sectors. The proposal would have 
capped U.S. emissions at 2005 levels in 2012 before cutting them by 15% by 2020 and 
70% by 2050. 

After much publicized debate while the bill resided within the Senate Environment and 
Public Works Committee (EPW), the bill was killed in the Senate during June 2008. It 
was defeated by a procedural vote (cloture) without undergoing any significant debate on 
the Senate floor. 

Waxman-Markey (HR.2454, American Clean Energy and Security Act 
of 2009) and Kerry-Lieberman (American Power Act) 
The Waxman-Markey bill originally proposed during the Spring of 2009 by House 
Representatives Henry Waxman (D-CA) and Edward Markey (D-MA). The bill included 
a combined energy efficiency and renewable energy standard, reaching 20% by 2020. 
The economy-wide GHG emissions reductions would have been 3% by 2012 (relative to 

COz &, indicates carbon dioxide equivalents. This measure incorporates the differing global warming 
potentials (GWPs) of the various GHGs (COz has a GWP of 1.0). A tonne is a metric ton, which is about 
10% larger than a short ton. 

1 
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2005 levels), 20% by 2020,42% by 2030, and 83% by 2050. Heavy industry would not 
have been covered by the cap until 2014. The bill covered the same GHGs as 
Lieberman-Warner, with the addition of nitrogen trifluoride. The bill passed the House 
during June 2009. 

In 2010, after the International Copenhagen Summit (COP15), the Kerry @-MA)- 
Liebeman (I-CT)-Graham (R-SC) compromise negotiations received a lot of attention, 
as an alternative to Waxman-Markey in the Senate. The possibility for compromise was 
sought by this trio of Republican, Democratic, and Independent Senators representing 
northern as well as southern constituents. Compromise was being crafted around 
promotion of offshore oil drilling and delaying the implementation of GHG constraints 
on heavy industry. After Senator Graham pulled out of the negotiations (due to issues 
pertaining to immigration reform and the BP Gulf oil spill), Senators Kerry and 
Lieberman introduced the bill, the American Power Act, without Senator Graham. 
The American Power Act’s GHG coverage and proposed emissions reductions were 
similar to those in Waxman-Markey. Public estimates of their allowance prices were 
similar also. The bill included a price floor of $12/tonne C02 ~q . ,  increasing at 3% over 
inflation and a price ceiling of $25/tonne of C02 Q., increasing at 5% over inflation. 
Because of the mechanism used for cost containment, the price ceiling could be broken 
under scenarios such as zero supply of international offsets. 

The American Power Act included provisions to encourage the use of natural gas in the 
transportation fleet, to delay the implementation of GHG policy on heavy industry until 
2016 (the rest of the economy would have been required to begin emissions reductions in 
2013), to support offshore oil and gas development, and to support nuclear power 
development. 

Little more happened in the Senate with regard to these two legislative proposals during 
the summer of 2010 as climate change took a backseat to other issues in the public 
discourse. Since the mid-tern elections in the fall of 2010, there have been no major 
legislative proposals for addressing climate change. 

Some State and Regional Level Developments 

California’s AB32 
California’s AB32 policy was signed into law by Governor Schwarzenegger in 2006. 
AI332 requires California to reduce its GHG emissions to 1990 levels by 2020 and 80% 
below 1990 levels by 2050. The 2020 cap represents an approximate 15% cut below 
20 12 emissions. The intended implementation schedule would have covered electricity 
(including imports2) and large industrial facilities in 2012, followed by distributors of 
fuels and natural gas by 2015. 

* The coverage of emissions from out-of-state generators that produce electricity for export to (and 
consumption in) California is expected to be difficult as a practical matter. 
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AB32 has been delayed a year and will begin in 2013. California carbon allowances have 
been trading in the $15-$22/tonne for 2013-2014 compliance. The market is thinly traded 
and is expected to remain so at least until the California Air Resources Board (CARB) 
approves the final market rules in late October 201 1. The allowance pricing in California 
is indicative of the specific policy design of AB32 and is not necessarily an indicator of 
the impact of future Federal policy. 

. 

AB32 incorporates a variety of flexibility mechanisms such as allowance trading, 
banking, 3-year compliance periods, and the use of offsets. 

Regional Greenhouse Gas Initiative (RGGI) 
The Regional Greenhouse Gas Initiative (RGGI) is a regional GHG trading program 
covering the northeast states (Connecticut, Delaware, Maine, Maryland, Massachusetts, 
New Hampshire, New Jersey, New York, Rhode Island, and Vermont). Governor Chris 
Christie (R-NJ) has recently announced the withdrawal of NJ from the program (NJ will 
cease to be part of RGGI in January 2012). RGGI is scheduled to reduce CO2 emissions 
from power plants by 10% by 2018 relative to the 2009-2014 stabilization level. The 
stabilization level is 188 million tons, which is about 4% higher than the 2000-2005 . 

actual emissions levels. 

In recent years, the RGGI prices have been at or near the minimum reserve price of $1.89 
per short ton. With reduced load (in part due to the recession), dispatch economics that 
are more favorable to natural gas than expected, and banking provisions, allowance prices 
in RGGI have been at or near the price floor. By 2018, the RGGI cap is supposed to be 
cut by 10% (to about 169 million tons). Current emissions are well under this level, 
implying that the RGGI policy will not be binding without revisions to the policy design 
and/or caps. A stakeholder process for reviewing the current RGGI policy has recently 
begun. 

With respect to RGGI allowance trading during 2010, the average daily volume of RGGI 
futures trading ranged from zero to 1.3 million. Average daily trading in 2010 was 0.21 
million allowances, in comparison to 2.7 million during the prior year. The total volume 
of trading for all of 2010 was 52 million allowances, in comparison to the 143 million 
allowances that were auctioned or allocated in 2010.3 

Exchange traded volumes have contracted greatly over the last 12 months (to September 
30,201 1) on the NYMEX and the CCFE (Chicago Climate Futures Exchange). The 
CCFE will close at the end of the calendar year 201 1, with existing contracts and related 
trading rolling over to an over-the-counter (OTC) platform on the Intercontinental 
Exchange (ICE). 

“Annual Report on the Market for RGGI C02 Allowances: 2010,” Potomac Economics, April 201 1 .  
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International Climate Negotiation Outcomes4 

Copenhagen Accord at COP15 
Going into the Conference of the Parties 15 (COP15) to the UNFCCC held in 
Copenhagen in December 2009, expectations for progress in the international efforts to 
address climate change were high. The Copenhagen meeting was a capstone to a process 
that had begun with the Bali Action Plan two years before. A political accord was struck 
at COP15. The accord calls for emissions reductions from all the major economies - this 
includes large developing countries such as China for the first time. However, it remains 
unclear how a binding agreement will be reached. 

The conference in Copenhagen was characterized by discord. There were public 
divisions and arguments. Notably, at the close of the conference multiple countries were 
trying to block the Accord because they were outside of the room while it was being 
negotiated. These countries included Venezuela, Sudan, Nicaragua, and Bolivia. In 
addition, throughout the conference, there were frequent disagreements on approach 
between the U.S. and China. 

Notably, the Accord included the pledge by developed countries to provide $100B per 
year of transition assistance by 2020 to developing countries. The Copenhagen Accord 
did include broad agreement on emissions verification procedures. 

Cancun Climate Change Conference at COP1 6 
Going into the NovemberlDecember 2010 Cancun Conference of the Parties 16 (COP16) 
to the UNFCCC, expectations were low (relative to sentiments prior to COP15). At the 
conclusion of COP16, there was still no clear path to binding commitments for emissions 
limitations among the participating countries. However, further progress was made with 
respect to finance and transparency. 

COP16 was less acrimonious than COP15 and the negotiations produced small successes 
breathing some life back into the UN process. 

Summary of Recent Legislative Developments 
Since the Waxman-Markey and Kerry-Lieberman bills failed during the summer of 2010, 
the discussion of federal GHG legislation in Washington has largely faded. This stands 
in contrast to relatively consistent and vigorous debate over the prior several years. 
Climate change policy was overshadowed by the national Health Care debate. The 
Republican victory in the House and the narrowing of the Democratic majority in the 
Senate has suppressed the legislative debate about GHG legislation. With continued 
sluggish growth in the U.S. economy and high unemployment, action on climate change 
appears lower on the national agenda than it was just a few years ago. Considerable anti- 

This section is based on summaries written by the Pew Center on Global Climate Change. 
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regulation sentiment has also developed as part of a broader discussion about the role of 
government in the U.S. economy. It is against this backdrop that a massive and complex 
GHG bill would have to advance - a difficult political proposition at this time. 

It seems highly improbable that federal GHG legislation could pass before the next 
federal election. With this mind and with the assumption that it would take at least one 
year to pass complex GHG legislation after the election, the earliest feasible date for 
passage is early 2014. Most GHG legislation has a 3-year implementation period, thus 
the earliest feasible date for implementation would be early 2017. 

Recent €PA Actions on GHG Regulation /Implications for 
Utilities 
EPA has entered into a settlement agreement with environmental organizations and 
several States to issue rules that will address GHG emissions from electric generating 
units and refineries. For gas-, oil-, and coal-fired electric generators, EPA committed to 
proposing regulations by July 201 1 and finalizing them by May 2012. The July deadline 
was extended and EPA recently announced that they would not meet the extended 
deadline of September 30,201 1. EPA will likely negotiate a new deadline with the other 
parties to the settlement agreement. 

When proposed and finalized, the regulations will take the form of New Source 
Performance Standards (NSPS) for new and modified generators and State emissions 
guidelines for existing generators. The NSPS will apply to new and modified generators 
if their construction begins after EPA proposes the NSPS. The states are given 
significant discretion under the Clean Air Act with respect to the timelines and stringency 
of applying EPA’s guidelines to existing facilities. 

COn Price Trajectories from Recent Public Analyses 
CRA reviewed the public analyses of recent GHG legislation by the U.S. Environmental 
Protection Agency (EPA), U.S. Energy Information Administration (EIA), and the 
Massachusetts Institute of Technology (MIT). The reviewed legislation includes the 
Lieberman-Warner, Waxman-Markey, and Kerry-Lieberman bills. Results for EPA are 
reported for both its ADAGE and IGEM  model^.^ 

MIT did not evaluate all the bills, so we have only included MIT’s Lieberman-Warner 
analysis. However, MIT did evaluate several GHG trajectories that were approximations 

The EPA models are the Applied Dynamic Analysis of the Global Economy (ADAGE) and Intertemporal 
General Equilibrium Model (IGEM). 
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of other bills6 - from this analy$is, we observe that MIT’s projected allowance prices 
tend to be higher than those for EIA or EPA. 

Exhibit 2 summarizes the “core” cases for the most recent legislation. We have put all of 
these trajectories into the same units (201 1$ per tonne of C02 ~q.). 

Exhibit 2. C02 Prices for Recent Proposals and Public Analyses 

--)ICMIT Lieberman-Warner offsets 8 CCS 

-Ek?%erman-Wamer Core 

+EPA hebemawWarner Core (ADAGE) 

-EPA hebemawWarner Core (IGEM) 

-EIA Waxman-Markey Core 

+EPA Waxman-Markey Core (IGEM 8 

+CBo WaxrnawMarkey 

+EIA Kerry-heberman Core 

-+-EPA Kerry-heberman Core (ADAGE) 

+EPA Kerry-heterman Core (IGEM) 

ADAGE) 

0 
2010 2015 2020 2025 2030 2035 2040 

We note that with the exception of the MI” analysis and the EPA Lieberman-Warner 
(IGEM) analysis, the allowance prices tend to start in the range of $12 - $33 per tonne of 
C02 ~ q . .  The two noted exceptions have higher allowance starting prices. Each price path 
exhibits the standard feature for a cap-and-trade policy that includes banking, namely the 
price rises at the model’s discount rate (this price path prevents arbitrage across time). 

We also note that these studies have a variety of sensitivity analyses associated with them 
(not shown) - key sensitivity variables include restriction on technology availability (e.g., 
carbon capture), energy efficiency deployment, and the availability of international and 
domestic offsets. We note that the availability of international offsets has a particularly 
large impact on the allowance price. For example, the EPA’s analysis of Waxman- 
Markey has a starting allowance price that is 89% higher with zero availability of 
international offsets. 

Paltsev, et al, Assessment of U.S. Cap-and-Trade Proposals, MIT Joint Program on the Science and 
Policy of Global Change, Report No. 146. 
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Recommended COS Allowance Price Projection 
The future of global and U.S. GHG policy is uncertain. It is not known if federal 
legislation will ever pass, or if it does, when it will be implemented. The stringency of 
the caps and the resulting allowance prices are also not known. The co-evolution of 
climate science, macroeconomic conditions, and electoral politics will ultimately 
determine the U.S. GHG policy. 

Based on our review of the most recent legislative proposals and the CA AB32 policy, we 
recommend the C02 price ranges below for the duration of A P S ’ s  15-year planning 
horizon. As was shown in Exhibit 2, most of the starting prices associated with public 
analyses of the most recent bills are clustered in the range of $12 - $33 per tonne of C02. 
However, this report has discussed the factors that lead us to recommend somewhat lower 
starting allowance prices. These wtigating factors include slowing of progress in 
international negotiations and the current U.S. political and macroeconomic conditions. 
These conditions suggest that future bills might be less strict/aggressive. We also 
suggested that early 2017 is the earliest feasible date for the implementation of federally 
legislated GHG policy - we feel it is prudent to expect implementation a year or more 
beyond 2017. Our recommendations are as follows: 

Base Case. For the IRP’s base case, we recommend using $12 (201 1$) per metric tonne 
of CO2 Q. beginning in 2018-2020 and rising at 5% above inflation. This trajectory is 
highly plausible and represents a reasonable base case for planning. 

Note that under cap-and-trade, CO2 prices are typically projected to rise at the discount 
rate applicable to the business operations impacted by the C02 market. For example, 
if C02-emitters looked forward 3 years into the futures market and saw that the COZ price 
was higher than the discount rate would suggest, they would further cut emissions now 
and bank them to reduce compliance costs 3 years from now. The result, in aggregate, 
would be to push up current allowance prices and depress future prices. Given this type 
of calculation by market actors occurring over 40+ years, the price rise will tend to 
equilibrate at the discount rate. CRA assumes a 5% real discount rate applies to the cap- 
and-trade market, which is in line with other studies which typically are in the 4-7% 
range. A real discount rate reflects the rate over and above the general economy-wide 
inflation rate. In actual practice, changes in technology, fuel prices, energy demand, 
caps, and other parameters will yield actual prices for COZ that will vary over time. 

Low Case. Given the current macroeconomic and political climate, we also believe it 
makes sense to consider a plausible scenario in which federal climate legislation is not 
enacted in the U.S. for decades. 

High Case. We also believe it makes sense to evaluate a higher carbon price trajectory, 
for example $20 (201 1$) per metric tonne of C02 m. beginning in 2018-2020 and rising at 
5 %  above inflation. We do not believe this is the highest carbon price trajectory that is 
politically feasible, but it represents a reasonable upper bound to reflect probable policy 
over the next decade. 
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We also suggest to APS that it would be reasonable - depending on the horizon of the 
analysis - to assume a limit on the allowance price above which it could not rise any 
further (most relevant for the $20 high case). It seems likely that there is a price above 
which political support for a GHG policy (assuming one could pass) would deteriorate. 

We also note that under GHG policy, natural gas prices will likely rise (relative to a 
business-as-usual forecast) in the short- to medium-tern as the electric sector consumes 
more gas. In the long-term (after APS’s 15-year planning horizon), the natural gas prices 
(exclusive of the CO2 price) will likely fall (relative to a business-as-usual forecast) as 
advanced, low-carbon technologies enter the market in large-scale (e.g., carbon capture, 
new nuclear, etc.). With respect to the demand for electricity, a COZ price also will 
generally dampen the demand for power below a “business-as-usual” load forecast. 

COS Allocations to Utilities 
The allocation of GHG allowances under a cap-and-trade program is one of the most 
contentious parts of climate change policy. The allocations represent the division and 
transfer of wealth. The government has the choice of 100% allowance auction, 100% 
free allocation, and all options in between. Moreover, the government can select the 
distribution of the free allocations, that is, the recipients of the transferred wealth. 
Because the possibilities for allocation design are limitless, potential recipients are put 
into the position of advocating for the most beneficial allocation. Allocation schemes are 
by nature contentious and arbitrar~.~ 

Generally, the allocation scheme does not affect the compliance choices of energy 
producers and consumers. Exceptions to this generalization include: (1) the uses of 
auction revenue can alter decision-making (e.g., to reduce other taxes on capital and 
labor), (2) free allocations to cost-of-service utilities can lower electricity rates and 
therefore reduce the role of demand reduction in GHG compliance, and (3) the potential 
for market power (e.g., if all allowances were freely given to one party, market power 
would distort the production decisions). 

The allocation that a particular generating unit would receive under a federal CO2 policy 
in a particular year would be based on: (1) the cap itself, that is, the fractional reduction 
in emissions represented by the cap (e.g., if the cap were zero, then all units would 
receive zero allocation), (2) the fraction of total allocations distributed to the electric 
sector versus other sectors (and versus auctioned), and (3) the allocation among units 
within the electric sector, typically based on historic emissions. As the cap is tightened, 
the dollar value of each allowance increases. 

In the non-carbon context, EPA’s recently finalized Cross-State Air Pollution Rule (CSAPR) allocated 
units with SO2 and NOx allowances primarily based on heat input. The final rule marked a significant 
departure from the proposed Clean Air Transport Rule (CATR) which allocated allowances based on 
historical emissions. The final CSAPR allocation benefits cleaner units at the expense of more heavily 
polluting units. This has been a contentious aspect of the CSAPR final rule. 
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The electric sector typically represents 35-40% of U.S. GHG emissions. The Lieberman- 
Warner proposal distributed 20% of total allowances to power plant owners and about 
10% to load serving entities (LSEs) in 2012. Thus, the power sector was to receive 
allocations for roughly 80% of its emissions-based share ([lo% + 20%] / 37.5%). By 
203 1, the power plant owners would have received none of the total allowances. 

Under Kerry-Lieberman, about 74% of the allocations were to be freely distributed in 
2013. By 2035, no allowances would have been freely allocated under Kerry-Lieberman. 
Of the freely allocated allowances, the Kerry-Lieberman bill would have freely allocated 
51% of the allowances to the electric sector in 2013-2015 (before heavy industry is 
placed under the cap), 35% in 2016-2026, before tapering off to zero by 2030. Prior to 
2027, the electric sector would have received slightly less than its emissions-based share. 

As discussed above, the allocation of allowances is complex, arbitrary, and difficult to 
predict. One reasonable scenario would be to assume that the electric sector would 
receive 80-90% of the allowances that it needed during the first year of GHG policy 
implementation, and then reducing that quantity of allowances (tonnes) linearly to zero 
over the subsequent 20-year period. The value of these allowances ($) for the A P S  
portfolio in any year would be equal to the number of allocated tonnes times the 
allowance price. 

While the allocation of allowances to A P S  under any climate-change policy would be an 
important component in estimating the ultimate impact to A P S  electric rates, decisions 
related to future APS generation resources will be based on applicable CO2 prices (along 
with demand growth, fuel prices, etc.). This is because allowances can be bought or sold 
at the prevailing market price. As such, any allowances provided to A P S  would not 
change the most economic resource expansion policy to pursue, notwithstanding impacts 
on demand growth. 

Perspectives on Clean Energy Standards (CES) 
Clean Energy Standards (CES) are similar to Renewable Portfolio Standards (WS) 
except that natural gas-fired generation and nuclear power would be included in the 
mandated requirement. Typically, only a portion of the gas-fired generation would count 
toward the CES requirement. 

The CES policy is a mandate for low-carbon power. The CES would result in a price for 
clean energy credits that power producers would consider in their generation decisions. 
For example, the CES credit price might encourage a generator to dispatch gas before 
coal, thereby creating a credit for CES compliance or sale. In contrast, a cap-and-trade 
policy or a carbon tax provides an economic disincentive to generate C02. While the two 
approaches are fundamentally different, a CES could conceivably be designed to roughly 
result in the same future generation mix as a cap-and-trade policy or a carbon tax. To 
achieve this comparability, one of the key choices in the CES policy design would be the 
treatment of gas-fired generation. If the objective of the policy is to reduce C02 
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emissions, a carbon tax (or cap-and-trade) would typically be a more direct and efficient 
means of doing so. In general, the CES would be a less direct method of reducing CO2 
emissions. 
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APS 201 2 INTEGRATED RESOURCE PLAN 
APPENDIX B 

Introduction 

One of the symbiotic relationships that wdl challenge Arizona’s quality of life in the next century is the 
relationship between power and water. Neither of these essential consumer needs can survive without the 
other. One of the greatest demands upon energy in a community is in the treatment, lstribution, collection, 
and reclamation of water. One of the largest needs of a thermoelectric power plant is a predictable, reliable, 
and cost-effective supply of water used for coohg. 

Water and energy have been closely aligned in Arizona for many years, an early success story being in the 
1970s when the Palo Verde Nuclear Generating Station, soon to be largest nuclear power plant in the United 
States, searched for a location and a reliable coohg  water supply to support generation. The planners 
embraced the largest water/energy project in Arizona’s history, constructing the fEst nuclear power plant in 
the world that did not abut a lake, river, or ocean. In the 1970s, wastewater was often lscharged with little 
or no beneficial use, but the plant’s innovative use of approximately 70,000 acre-feet per year of wastewater 
allowed conservation of less sustainable or higher quality supplies, such as groundwater or surface water, to 
meet the needs of a rapidly growing state. For over 25 years, reclaimed water from the Sub-Regonal 
Operating Group 91st Avenue Wastewater Treatment Plant has been delivered to the Palo Verde Nuclear 
Generating Station where it is further treated for use as cooling water. A P S  continues to explore use of 
reclaimed water and other renewable alternative water supplies for use as coohg water in pursuit of the 
“right watez for the right use.” As Arizona continues to grow, the beneficial use of avdable water supplies to 
generate the power needed for Arizona is being explored, and wdl include integrated planning between water 
and energy providers to improve the Company’s ability to sustainably supply essential power to the 
communities served by APS. 

Commission Decisions Related to Water/Energy Nexus 

In Decision 72022 (December 10,2010), the Commission directed the utilities to jointly procure or conduct a 
study of the water/energy nexus in Arizona. Subsequently, Decision 72174 (February 11, 2011) amended 
Decision 72022 and stipulated that “APS is welcome to address these issues when it fdes its integrated 
resource plan”. 

Development of the Water/Energy Nexus Project 

APS is participating (along with Tucson Electric Power and the Salt River Project) in a project led by Sanla 
National Laboratories entitled, “Energy and Water in the Western and Texas Interconnects”. In addition to 
h s  project representing the first comprehensive, regonal analysis of the energy-water nexus, it is also the 
first coordmated analysis undertaken by federal and state agencies, the power industry, non-governmental 
organizations, and other interested stakeholders. One of the key deliverables from h s  project is an integrated 
Energy-Water Decision Support System that will enable planners in the Western and Texas Interconnection 
to analyze the potential implications of water stress for transmission and resource planning. Other supporting 
partners participating in this study include Argonne National Laboratory, Electric Power Research Institute, 
Idaho National Laboratory, National Renewable Energy Laboratory, Pacific Northwest National Laboratory, 
and the University of Texas. For further information, please see attached Exhibit 1 for a project summary 
developed by Dr. Vincent Tidwell of Sandia National Laboratories. 

Currently, this project is in its second year of three-year funding and should be completed sometime in 2013. 
Since its conception, APS has met with the principal investigator, Dr. Tidwell, on several occasions and has 
provided Sandia National Laboratories and Argonne National Laboratory technical support through the 
exchange of historical water use figures as well as drought contingency plans. On August 1, 2011, APS 
presented an overview of the project and the anticipated benefits and outcomes at its Integrated Resource 
Planning (IRP) Stakeholder meeting. 
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Exhibit 1 
Project Summary 

Project Title: Energy and Water in the Western and Texas Interconnects 

Lead Laboratory: Sandia National Laboratories 
Principal Investigator: Dr. Vincent Tidwell (email: vctidwe@sandia.gov) 

Supporting Partners: Argonne National Laboratory 
Electric Power Research Institute 
Idaho National Laboratory 
National Renewable Energy Laboratory 
Pacific Northwest National Laboratory 
University of Texas 

Project Objectives: This proposal is in response to the Research Call to DOE/Federal Laboratories for 
“Technical Support for Interconnection-Level Electric Infrastructure Planning, RC-BM-20 lo” Area of 
Interest 3: Water energy Nexus. According to the stated needs of the Research Call, three overarching objects 
are identified 

1. Develop an integrated Energy-Water Decision Support System (DSS) that will enable planners in the 
Western and Texas Interconnections to analyze the potential implications of water stress for 
transmission and resource planning. 

2. Pursue the formulation and development of the Energy-Water DSS through a strongly collaborative 
process between members of this proposal team and the Western Electricity Coordinating Council 
(WECC), Western Governors’ Association (WGA), the Electric Reliability Council of Texas 
(ERCOT) and their associated stakeholder teams. 

scenarios put forward by WECC, WGA, and ERCOT. 
3. Exercise the Energy-Water DSS to investigate water stress implications of the transmission planning 

Project Methods: Beyond efforts toward project management and reporting, eight additional project tasks 
are focused on the development of the Energy-Water DSS. The initial foundation for t h ~ s  tool is Sandia 
National Laboratories (Sandla) Energy-Power-Water Simulation (EPWSim) model. This existing framework 
provides an interactive environment for exploring trade-offs, and “best” alternatives among a broad list of 
energy/water options and objectives. The framework currently supports prototype modules for calculating 
thermoelectric power demand and related water use; water demand from competing use sectors; surface and 
groundwater avadability, and; an energy for water calculator. Each of these modules will be updated and 
expanded, while addltional process modules will be added. 

Development of the DSS will be conducted in dose cooperation with WECC, WGA, ERCOT and their 
stakeholder teams. To enhance transparency and consensus a Collaborative Modeling Team (Chi") will be 
assembled to oversee development of the Energy-Water DSS. Team membership will include a subgroup of 
our interconnection partners. The CMT will meet on a periodic basis with our project modelers to define: 1) 
key metrics and decision variable for inclusion in the DSS; 2) vet process models; 3) vet data, water use 
factors, etc; 4) jointly review the models and conduct calibration analyses; and 5) conduct desired scenario 
analyses. 

The first module of the DSS calculates water withdrawals and consumption for current and projected 
thermoelectric power generation. Input to the model are WECC and ERCOT’s transmission planning results. 
Water demands are calculated according to power plant capacity, production, type of plant, type of coohg, 
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and type of emissions controL Accompanying parasitic energy loads imposed by emission controls and water- 
conserving cooling technologes are also calculated. Using information on population growth, Gross State 
Product and historical water use trends, future water demands are calculated for competing water use sectors 
(municipal, industrial, agriculture, mining and livestock). The source of the withdrawal (surface water, 
groundwater, or non-potable water) is tracked as well as the return flows. 

The DSS is also fitted with a water availabdity model that provides a regional measure of water supply for 
surface water, groundwater, and non-potable resources. The model has two principle components, “wet” and 
“paper” water. Wet water provides a measure of the physical water available in a basin for use, while paper 
water addresses the institutional controls (policies) that define access to the water. The model combines 
historical gauge data and other information to project surface and groundwater avdability. 

The water demand and avadability modules are accompanied by additional process models to Euaher resolve 
water availability. The first of these is an environmental controls model for identification and assessment of 
potential environmental risks associated with growing water use. A climate change calculator is included for 
estimating potential changes in water availabdity. This will include two components - a c h a t e  downscalmg 
model to provide future climate forcing data for the watershed model and a dynamic large-scale watershed 
model to project related changes to water availabfity. Beyond the scarcity of water, information concerning 
the potential cost of water for a new withdrawal is calculated including water rights purchase, value of goods 
and their water intensity, and cost of treating non-potable water. Finally, an energy for water calculator is 
included to calculate electricity demand to pump, convey, treat (both primary and waste water), and dstribute 
water. 

The DSS is fitted with an interface that serves as the “dashboard” controlling scenario makeup, simulation 
operations, and the rendering of results. This dashboard provides an interactive, real-time environment 
comprised of slider bars, buttons and switches for c h a w  key input variables, and real-time output graphs, 
tables, and geospatial maps for &splaying results. The DSS operates on a laptop computer taking only few 
seconds to accomplish a simulation. The DSS can be dwributed to users on CD or via download from the 
internet. 

Project Benefits and Outcomes: A key deliverable from t l v s  project is an integrated Energy-Water DSS 
that wdl enable planners in the Western and Texas Interconnections to analyze the potential implications of 
water stress for transmission and resource planning. Working with WECC, WGA, and ERCOT and utilizing 
this Energy-Water DSS a wide range of transmission planning scenarios d be simulated and evaluated. 

W e  timely accomplishment of these tasks is important and necessary, we are striving for broader impact. 
Currently there are no long-range, interconnection-wide transmission plans for the Western and Texas 
Interconnections. Consequently, the ability to assess how various infrastructure options balance reliability, 
cost, and the environment from an interconnection-wide perspective does not exist. 

This project coordinated with the efforts of WECC, WGA, ERCOT and their partners will create a 
comprehensive package of stakeholder-vetted, regional planning models, data, and conclusions that are 
coordinated at the interconnection-wide level. Cumulatively, this information will substantially improve the 
quality and quantity of information available to industry planners, state and federal policymakers and 
regulators. Specifically, this project will supplement interconnection-wide transmission planning studes with 
information on water availability, whch is critical in shaping electricity generation options. Ths proposed 
project represents the first Comprehensive, regonal analysis of the energy-water nexus. This is also the first 
coordinated analysis undertaken by federal and state agencies, the power industry, NGOs and other interested 
stakeholders. In this way, the data, models, scenario analyses, and insights derived from this effort d 
provide a sipficantly improved body of evidence for policy makmg at local, state and federal levels. 
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